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1 .  SUMMARY o
The o b je c t  o f  th e  p r e se n t  work was t o  in v e s t ig a t e  
new a l l o y  e m it te r s  u s in g  an a c t iv a t io n  s in t e r in g  method 
f o r  t h e ir  p rep a ra tio n *  I t  was a l s o  d e s ir e d  to  s tu d y  th e  
e f f e c t  o f  p o r o s it y  on th erm io n ic  em ission *
A llo y s  o f  W~Pd, W-Ni, W~Co and W-Cu were chosen  
"because P allad iu m  and N ic k e l s tr o n g ly  promote s in t e r in g  
w hereas C obalt and Copper have a much low er a c t iv a t in g  
pow er9 a lth o u g h  th e y  are o th e r w ise  c l o s e ly  r e la t e d  
t r a n s i t io n  e le m e n ts •
The e m it te r s  were im pregnated  w ith  optimum c o n c e n tr a t­
io n  o f  m eta l s a l t s ,  reduced  and s in t e r e d  in  hydrogen tube' 
fu r n a c e e The tech n iq u e  r e s u l t s  in  an e f f e c t i v e l y  
mondtomic e m it t in g  la y e r  around each  tu n g ste n  p a r t ic le *
The r e s u l t s  show th e  r e d u c t io n  in  work fu n c t io n  o f  
th e  e m it te r s  e»g* W-Pd ( 0*25 e v ) • W-Ni ( 0 .2 0  e i ) ;
W-Co ( 0*40 e f  and W~Cu (Q»30 e v ) .
P r e s in te r e d  (p o ro u s) e m it te r s  have te n  t im e s  more 
e m iss io n  than  f u l l y  s in t e r e d  e m it t e r s ,  and t h e ir  th erm io n ic  
cu rv es  are h e tero g en o u s  c o n s is t in g  o f  th r e e  s te p s  in  th e  
s a tu r a t io n  reg ion *  Porous e m it te r s  are c h a r a c te r iz e d  by 
a s u r fa c e  which c o n s i s t s  o f  p ro tu b era n ces  and c a v i t i e s ,  
and th e  h etero g en o u s n a tu re  o f  e m iss io n  i s  assumed to  be 
a s s o c ia t e d  w ith  d i f f e r e n t  d ep th s o f  th e  c a v i t ie s *
Decay in  s a tu r a t io n  e m iss io n  (w ith  a r a te  c o e f f i c i e n t  
o f  betw een  0*4 -  0 - 55 ) has b een  ob served  in  e m it te r s  w hich  
a re  s in t e r in g  d u rin g  e m iss io n ;  t h i s  phenomenon i s  n ot  
o b ta in e d  in  f u l l y  s in t e r e d  m a te r ia ls  and porous tu n gsten *
-  3  ~
A new c o r r e la t io n  has b een  proposed  to  con n ect  
th e  work fu n c t io n  o f  b o th  e le m en ta l and d u p lex  e m it te r s  
w ith  th e  number o f  e le c t r o n s  in  th e  o u t e r s h e l l  o f  th e  
component a tom s« T his c o r r e la t io n  e x p la in s  q u a l i t a t i v e l y  
th e  v a lu e s  o f  work fu n c t io n  o f  most e m it t in g  s u r f a c e s *
An attem pt has a ls o  been  made to  q u a n t i t iz e  th e  c o r r e la t io n  
by r e fe r e n c e  t o  th e  s p e c t r o s c o p ic a l ly  determ ined  prom otion  
e n e r g ie s  o f  th e  s -p -d  e l e c t r o n ic  s t a t e s  u sed  in  th e  
h y p o th e s is*
-  f t  -
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I I . l ,  In tr o d u c t io n .
The l i t e r a t u r e  su rv ey  has been d iv id e d  in to  th r e e  
s e c t io n s  ( i )  d e a ls  w ith  th e  ty p e s  o f  ca th o d es h ith e r to  
d ev e lo p ed , in  ( i i )  th e  te c h n iq u e s  o f p r e p a r a tio n s  are  
d e s c r ib e d , w h ile  ( i i i )  i s  an account o f  th e  p h y s ic a l  
e le c t r o n ic s  o f  c a th o d e s . In  s e c t io n  ( i )  th e  ca th od es  
a re  c l a s s i f i e d  a cco rd in g  to  th e  m a te r ia ls  u sed  in  t h e ir  
p r e p a r a tio n  v i z ;
(1 )  o x id e  co a ted  ca th o d es
(2 ) t h in  f i lm  e m it t e r s .
(3)  compound e m it t e r s .
(ft) pure m etal e m it t e r s .
(5 ) a l l o y  e m it t e r s .
A ll  o f  th e s e  ca th o d es a re  d e sc r ib e d  a lo n g  w ith  t h e ir  
th erm io n ic  p r o p e r t ie s  and u s e s .  The r ecen t d evelop m en ts, 
and w herever p o s s ib l e ,  fu r th e r  d ir e c t io n  o f  improvements 
are a ls o  in d ic a te d .  In  s e c t io n  ( i i )  th e  v a r io u s  te ch n iq u es  
u sed  fo r  th e  p r e p a ra tio n  o f  ca th od es are d e sc r ib e d . S e c t io n  
( i i i )  in c lu d e s  th e  o ld  and r e c e n t  t h e o r ie s  o f  th erm io n ic  
e m iss io n , th e  s tu d y  o f  e f f e c t  o f  m e ta l lu r g ic a l  v a r ia b le s ,  
and th e  e v a lu a t io n  o f  th erm io n ic  c o n s ta n ts .
The main c h a r a c t e r i s t i c s  c o n s id ered  in  th e  f i r s t  
p art are e x p r e ssed  in  term s o f  th e  c o n s ta n ts  o f  th e  b a s ic  
R ichardson  eq u a tio n :
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where A i s  th e  R ichardson  co n sta n t  
<f> i s  th e  work f u n c t io n .
These co n cep ts  are th en  d is c u s se d  in  fu r th e r  d e t a i l  
in  l a t e r  p a r ts  o f  th e  l i t e r a t u r e  su rv ey .
(1 )
1 1 ,2 ,1  , O xide-C oated  C athodes
These ca th od es c o n s is t  o f  a la y e r  o f  Barium,
Strontium  or Calcium  o x id e s  on a m etal b a s e .  A m ixture
o f  a lk a l in e  ea r th  carb on ate i s  u sed  and th erm a lly
decomposed in  vacuum to  o b ta in  th e  th e r m io n ic a lly
a c t iv e  o x id e  s u r fa c e ,
A more m ech a n ic a lly  and e l e c t r i c a l l y  s ta b le  v e r s io n
o f  th e se  ca th od es are the, so  c a l le d  M atrix c a th o d e s ,
in  w hich th e  a c t iv e  m a te r ia l i s  d isp e r s e d  through
a m etal m atrix  (u s u a l ly  N ic k e l ) ,
D isp en ser  typ e ca th od es (L -ca th od e) ^  ) cons i s  tr;
o f  porous tu n g ste n  a t  th e  bottom  o f  w h ich , e x i s t s  a
B arium -Strontinm  carbonate e n c lo s u r e . A fte r  therm al
d eco m p o sitio n  and r e d u c t io n , f r e e  Barium d i f f u s e s  over
th e  su r fa c e  w hich red u ces th e work fu n c t io n  o f  the
ca th o d e . Two o th e r  m o d if ic a t io n s  o f  th e  d isp e n se r  typ e
( 2 )ca th od es are im pregnated ca th o d es , 7 and p r e sse d  
cath od es w / . In th e se  cath od es th e  en c lo su r e  i s  
e lim in a te d  and in s t e a d ,  th e  a c t iv e  m a te r ia l i s  adsorbed  
in  p ores or in co r p o r a te d  during th e  p r e s s in g  o f  powder 
m an ufactu re.
F u rth er developm ent o f  th e se  ca th od es has b een  in  
th e d ir e c t io n  o f  changing b oth  th e  b a se  m a te r ia l dud tfre. 
a c t iv e  m a te r ia l .  At th e  same t im e , a s tu d y  o f  1ft e 
a c t iv a t io n  mechanism and p h y s ic o -c h e m ic a l phenomena 
a s s o c ia t e d  w ith  th e s e  a d d it io n a l  components ha-@e' 
p ro v id ed  a b e t t e r  u n d erstan d in g  o f cathode e l e c t r o n i c s .  
In s tu d ie s  o f  m a tr ices  o f  M°, Re, Re-Mo w ith  
or w ith o u t t h e ir  compounds ( i . e .  c a r b id e s ,  b o r id e s  and 
s i l i c i d e s ) ,  (T able J .a )   ^ i t  has b een  found
th a t  some o f  th e  m a tr ic e s  s p e c ia l l y  o f  Re are
— 11+ -
I I . 2 ,  C l a s s i f i c a t i o n  a n d  D e v e l o p m e n t  o f  C a t h o d e s .
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m ech a n ic a lly  m o r e  s ta b le . and p o ssess  a. h igh  w ater c y c le
~ r e s i s t a n c e .
R a re-ea rth  o x id e s  ' tywhen used  as im pregnant produce
ca th od es w hich can w ith s ta n d  exposure to  a i r  and p o sse s  good
h ig h  tem perature m ech an ica l p r o p e r t ie s .
I t  has b een  found th a t  i f  L -cath od es are co a ted  w ith
Osmium, th e  e m iss io n  i s  in c r e a se d  by one ord er o f  m agnitude.
The r e d u c tio n  in  work fu n c t io n  by th ev h ig h  work fu n c t io n
adsorbant i s  anomalous and was n ot e x p la in e d
A v e r y  r e c e n t ly  d ev e lo p ed  cathode i s  th e  s o - c a l l e d
’'T ungstate cathode" w hich em ploys Ba^Sr (W0g)2 as an
p
a c t iv a t o r .  An e m iss io n  o f  5 -1 0  amps/cm can e a s i l y  be drawn 
c o n tin u o u s ly  a t  9 5 0 -1 000°C e D if fe r e n t  m e ta l l ic  c o a t in j l^ c a n  
be u sed  on th e  s u r fa c e  to  p r o te c t  th e  su r fa c e  a g a in s t  
ev a p o r a tio n  and p o iso n in g  o f  th e  e n v ir o n m e n t , but no c o a t in g s  
were found which co u ld  improve the e m iss io n  and in  many 
c a se s  i t  d e t e r io r a te d .I n  th e  ca se  o f  Osmium^-which red u ces  
th e  work fu n c t io n  o f  a normal d isp e n se r  ca th o d e , th e  work 
fu n c t io n  i s  in c r e a se d  by th e  amount i t  d ecrea sed  in  normal 
d isp e n se r  c a th o d e s .
Bondarenko^ ^  has rep o r ted  th erm io n ic  in v e s t ig a t io n s  
o f  th e  T a n ta la te s ,  H a fn ia te s ,  and R h en ia tes o f  a l k a l i  
m e ta ls , D if f e r e n t  Ba:MeO have been  in v e s t ig a t e d ,  in  th e
X
ca se  o f  B a c o m p o s i t i o n  th e  b e s t  r e s u l t s  are o b ta in ed
A
by Ba^WOg, w hich tu rn s out to  be th e most s t a b l e .  The
rep lacem ent o f  W as b a se  m eta l by Ta y ie ld s  even  b e t t e r
r e s u l t s .  R h en ia tes  and e s p e c ia l ly  th e  H a fn ia te s  o f  Barium
are b e t t e r  than T u n gsta te  and T a n ta la te s .  Other a l k a l i
m etal compounds have in f e r io r  em iss io n  p r o p e r t ie s  than  
(11  )Barium . Zhaden has u sed  Irrid iu m  as b a se  m e ta l, and
h is  r e s u l t s  show b e t t e r  th erm io n ic  p r o p e r t ie s  than T u n g s ta te s .
The th erm io n ic  p r o p e r t ie s  o f  Ba:MeOv ca th od es are l i s t e d& x
i n  T a b l e  I . b .  ”"7'
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In ord er to  o b ta in  a d d it io n a l  in fo rm a tio n  o f  the  
p h y s ic a l  e le c t r o n ic s  o f  o x id e  c a th o d e s , many new exp erim en ts  
w ith  (Ba~Sr) o x id e s  or (Ba-Sr~Ca) o x id e s  '* * have been
perform ed , Sr has b een  i d e n t i f i e d  as the donor in  double  
o x id e s ,  w h ile  Ca i s  th e  donor in  t r i p l e x  o x id e s .
v
r l 7 -
TABLE I*a The e f f e c t i v e  work fu n c t io n  o f  th e  v a r io u s  cath od es  
w ith  th e  range o f  tem p era tu re„
Base A c t iv a to r E f f e c t iv e  
Work F u n ction
T (°k ) R ef 6
W
t t
(BaSr)Co3
BaAl^
1 . 68+3 . 214x 1 0_N?
2 .3  +1 . 6x 1 0"3 "
1230 - 1 470 
9 00-1400
1
4
u BaSi^ 1 .81 + 4.7  " I t t i  i t i t
Ni (BaSr)Co3 1 . 2  + 5 " I t 900-1300 i t
Mo Ba A l^ 1 . 1  + 1 0"3 I t 900-1400 i t
?t
Ta
tt
BaSi^
BaSi^
(BaC a)Si^
1 . 23+1 .3 x 10-3  
1 .93 + 1 x 1 o“^ 
- 4
1 . 26+7 . 7x 10
1?
I I
I f
i t  n  
i t  i t
t t  i t
i t
i t
t t
Re (BaCa)Al^ 1 . 2  + 7 I t 1230-1430 5
WC BaAl^ 2.27  + 2.1 I t 900-1 400 4
BaSi^ 1 .71 + 4 .6 I t 11 11 i t
MoC BaSi^ 1 .76  + 7 .8 I t i t  t t t t
TaC n  i t 1 .7 9  + 3 .5 I t t t  t t t t
W2 B5 i t  i t 2 .3  + 4 .3 I t n  11 i t
iMo2 B t i  i t 2.69 + 6.2 t t i t  i t i t
Ta B2 t i  i t 1 .88 + 3 .9 tt i t  i t t i
W S i2
i t  t t 2 .25  + 1 . 1 t t i t  h i t
MoS i 2 i t  i t 2.22  + 3.1 I t i t  i t i t
TaSig i i  i t 1 .92 + 4 .0 I t ♦t i t t t
iRe.4 mo (BaCa)Al^ 1 .7 + 4.67 I f 1230-1430 5
jRe*-iw n  t i 1 .4  + 6.6 I t t t  i t i t
w La2 o3 2.6 1573 6
t t Nd2o3 2.76 u tt
tt Gd2 o3 2 .9 7 1673 i t
w O S/(BaSr)Co3 1 .60 7
w Ba3Sr(Wo6)2 1 . 1 4 + 5 .6x 1 0-1+ 1023-1173 8
w i t  i t
+ c o a t in g  o f  
TL,Cu,Co,Fe, 
Ir ,0 s ,M o ,A l,  
3 ,  Pfc , S l , B e ,  
3e or Ta
1 .7 9  2.379 1175-1223
9
-  18 -
TABLE I . b . (1 0 .1 1 )  The e f f e c t i v e  work fu n c t io n  and th e  
tem perature range o f  v a r io u s  T u n g sta te , H a fn ia te s  and 
R h en ia tes C a th o d es.
E m ittin g  S u rface E f f e c t iv e  work 
f u n c t io n ( e v )
T (°k )
Ba^WOg/W 1 *25 1000 -  1550
Ba5Ta2° 10/W 2 .7 2
tt
Ba^WOg/Ta 1 .18 950 -  11+00
Ba^Ta^O  ^Q/Ta 2 ,1 5 8L0 -  1230
2Ba 0Hf02/W 2,2 1 200°k
7Ba 0 Re20y/W 2 .3 8 it
5Ba5 Ta 0^/W 2.31 tt
3Ba 0 Woy'W 2.61 tt
Ba^Wog/W 2 .L£ 11  00°k
Sr^Wog/W 3 J 9 tt
Ca^Wog/W 3 .3 6 tt
(Ba~Sr)Wog/W - «.
(Ba-Ca)WOg/W - -
(Ba~Ca-Sr)WOg/W 2 .5 «t
B a-T ungstate/W 2.08 1 000°k
B a -T u n g s ta te /I r 1 .82 tt
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M onolayers o f  a l k a l i  m e ta ls ,  when adsorbed  on th e  b a se
m e ta l, reduce th e  work fu n c t io n  o f  th e  c a th o d e s . The f i r s t
( 1  3  )e m itte r  o f  t h i s  typ e was d ev e lo p ed  by Langmuir in  1923 v 
He found th a t  th e  e m iss io n  can be in c r e a se d  many order o f  
m agnitude h ig h e r  than th e  pure m eta ls  i f  th e  s u b s tr a te  i s  
covered  by a m onolayer o f  a l k a l i  m eta ls  ( e . g ,  C s ,B a ,T h ),
In th e ca se  o f  c e s ia t e d  s u r f a c e s ,  th e  e m iss io n  depends 
on b oth  o p e r a tin g  tem perature as w e l l  as on the p r essu r e  o f  
Cs vap ou r. These ca th od es are w id e ly  u sed  in  th e  en ergy  
co n v e rs io n  f i e l d .
I n te n s iv e  work has a l s o  b een  done on th o r a te d  c a th o d e s .
p
C urrent d e n s i t i e s  o f  0 ,3  —'29 amp/cm are o b ta in a b le  a t
1700~2000°k , These ca th o d es  are  more r e l i a b l e  in  s t a b i l i t y
and have a low  ev a p o r a tio n  r a te  than o x id e  c a th o d e s .
P h y s ic a l s tu d ie s  o f  th e s e  s u r fa c e s  have b een  im portant in
u n d ersta n d in g  o f  th e  p a tch  e f f e c t  (due to  n o n u n ifo rm ity  o f
th e  s u r f a c e s ) .  D if f e r e n t  b a se  m a te r ia ls  e . g .  Mo,Ta, Re 
(1 Lu1 5 16)9 ' have b een  u sed  to  improve the s t a b i l i t y  and
e m iss io n  p r o p e r t ie s  o f  th e se  c a th o d e s . (T ab le I I )
R e ce n tly  more co m p lica ted  su r fa c e s  w hich have an 
a d d it io n a l  component e i t h e r  in  th e s u b s tr a te  or in  th e  
a d so rb a te  have b een  in v e s t ig a t e d .  T sa rev ^  7  ^  ^ has s tu d ie d
th e  c e s ia t e d  s u r fa c e s  w ith  th e  se p a r a te  a d d it io n  o f F lu o r in e  
and H ydrogen. He found th a t  F lu o r in e  system s are  th erm a lly  
more s t a b le  than a s in g le  o x id e  system  and are b e t t e r  in  
e m iss io n  p r o p e r t ie s .  S im ila r ly  th e  u se  o f  hydrogen r e s u l t s
in  enhanced e m is s io n . These r e s u l t s  are shown in  T a b l e ( l l . )
\
I n s te a d  o f  u s in g  a s in g le  a l k a l i  vap ou r, such  as  
Cesium m u lt i - a lk a l i  vapours have b een  t r i e d  and vapours o f  
L i,B a , S r , and CsF have b een  u sed  in  co n ju n c tio n  w ith  C s, 
The r e s u l t s  a re  shown in  T able I I ,  The a d d it io n  o f  L ith ium
I I . 2 . 2 ,  T H IN  F IL M  EM ITTERS
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g iv e s  b e t t e r  r e s u l t s  than Cs or Li u sed  s e p a r a te ly  ^ ^ )
P sa ro u th a k is  o b ta in ed  v ery  im portant and u s e fu l  r e s u l t s
in  a c h ie v in g  h ig h e r  e f f i c i e n c i e s  fo r  C s-c o n v e r te r s  by th e
in tr o d u c t io n  o f  Ba or Sr vapours® R® Langpape ^  ) has
s tu d ie d  th e  e f f e c t  o f  CsP on th e  work fu n c t io n  o f  the m eta ls
and on th e  optimum p r e ssu r e  o f  the Cesium® The id ea  was to
in c r e a se  th e  work fu n c t io n  o f  th e  s u b s tr a te  and c o n seq u e n tly
a r e d u c tio n  in  th e  e le c t r o d e  work fu n c t io n  and o p e ra tin g
p r e ssu r e  o f  Cesium ,
In th o r ia te d  ca th od es a fu r th e r  r e d u c t io n  in  work
fu n c t io n  can be o b ta in ed  by th e u se o f  Io d in e  f i lm  on th e  
( 2 2 )s u b s tr a te  ® The r e s u lt a n t  vfork fu n c t io n  i s  found to  be
sm a lle r  than fo r  W-Th or W-O-Th systems®
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TABLE I I  The e f f e c t i v e  work fu n c t io n  o f  d i f f e r e n t  f i lm  
e m itte r s  ,
E m ittin g  E f f e c t iv e  work R eferen ce
S u rface  fu n c t io n  (c v )
W -  Cs 1 .7 i3 * a
Mo -  Cs 1..68 11+
W -  Th 2 , 6-  3*2 x  10 I3.*b
0 f 8 K3 2 .5 8  i  3 .8 6  X
■
T1o 16
Mo—F—Cs 1 .3 0 17
Mo-H-Cs 1 .32 -  1 .4 18
W -  L i 2 .1 8 19
W-Li-Cs 1 .61
Mo-Ba-Cs 1 .82 20
Mo-Sr-Gs 1 .7 4 tt
Mo +  CsF =  4 .7 5 21
Re +  CsF =  5 .4 0 tt
Mo +  CsF +  Cs =  3 .1 5 tt
Re +  CsF +  Cs = 3 .1 0 tt
Compound e m itte r s  g e n e r a l ly  o p era te  a t  h ig h e r  
tem p era tu res , and are p h y s ic a l ly  more rugged than th e  o x id e  
co a ted  c a th o d e s . These c o n s is t  o f  h ea x a b o r id es  and o x id e s  
o f  ra re  e a r th  e le m e n ts , or c a r b id e s , n i t r i d e s ,  and b o r id e s  
o f  r e f r a c to r y  m e ta ls .
( i )  H exaborides
( q - z )
L a ffe r ty  ' J was th e  f i r s t  to  in v e s t ig a t e  th e  
th erm io n ic  p r o p e r t ie s  o f  th e  h ex a b o rid es  o f Y, La, Ce, Kb,
Nd, Cd, Dy and Ho. These ca th od es are  p rep ared  by p r e s s in g  
and s in t e r in g  h ex a b o r id es  pow ders. On h e a t in g  th e  c r y s t a l s ,  
a m onolayer o f  th e  m eta l i s  formed on th e  s u r fa c e .  These 
ca th od es can be u sed  in  dem ountable system&and”p ro v id e  v ery  
h ig h  c u r r e n t . The LaBg cathode has become th e  most im portant 
exam ple o f  t h i s  group in  p r a c t i c e .
I t  has b een  found th a t  in  h ex a b o r id es  ca th od es th e  
s low  d e s tr u c t io n  o f  th e  Boron m atrix  can be a v o id ed  by  
c a r b u r iz in g  th e  Ta w ire  on w hich th e  h ex a b o r id es  are  
c o a ted  .
( i i )  R are-E arth -O xid es
The o x id e s  o f  ra re  ea r th  are a p p lie d  by th e tech n iq u e
o f  e i t h e r  b ru sh in g  or ca t& ep h o resis  on to  a b a s e ,  to  o b ta in
low work fu n c t io n  s u r f a c e s .  These ca th od es o p era te  a t  h ig h
tem perature and have th e  ad van tages o f  q u ick  a c t iv a t io n
and m ech an ica l s t r e n g t h .  In most o f  th e  ca th od es th e
a c t iv a t io n  r e q u ir e s  h e a t in g  to  1500°C . Among th e  whole
s e r i e s  o f  ra re  e a r th  o x id e s , "fete Gdo^ and Yto^ have
(2 5 )r e c e iv e d  much a t t e n t io n '  ' .  T h eir  th erm io n ic  p r o p e r t ie s
are b e t t e r  than  th e  Thoria cath od es. M o,Re,Ni and Ta
(2 6 ,2 7 > 2 8 ) kave a l s o  b een  u sed  as b a se  m e ta ls .  The e f f e c t i v e
-  2 2  -
I I . 2 , 3 .  C o m p o u n d  E m i t t e r s
3 .5  ev a t  1 600°k  and i s  l i s t e d  in  Table I I I .
( i i i )  C a rb id es . N it r id e s  and B orid es
Many ca rb id es  e .g *  UC, ZrC, ThC, Mo2C (2 9 ? 3 0 ,3 1 )  have
been  in v e s t ig a t e d  f o r  t h e ir  th erm io n ic  p ro p erties®  Uranium
Carbide has become more im portant owing to  i t s  u se  in
co n v er s io n  o f  n u c le a r  h ea t en ergy in to  e l e c t r i c a l  energy®
(32 )G®Ao H a ssw  7 has a l s o  in v e s t ig a te d  o th er  compounds o f
Uranium such as Ud2 ? UB2 , WSi2 and UC -  ZrC0 He r e p o r ts
th a t  th e  e m iss io n  o f  a c t iv e  s t a t e  can be d e sc r ib e d  w ith in  a
fa c to r  o f  2 or 3 For a l l  compounds by th e  e m p ir ic a l c o n sta n t
2  2cj) -  3 .0 0  ev; A= • 10 Amp/cm deg and c o n s id er e d  th a t  e le c t r o n  
e m iss io n  comes from a Uranium f i lm  on th e  surface®  The 
N it r id e s  and B orid es o f  Zr, T i,  U, Ta and M o  ^ 3 )  a ls o
b een  in v e st ig a te d ®  The r e s u l t s  are shown in  Table III®
~ 2 3  -
w o r k  f u n c t i o n  o f  r a r e  e a r t h  o x i d e s  v a r i e s  f r o m  *'•-’ 3 . 0  t o
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TABLE I I I  The e f f e c t i v e  work fu n c t io n  and tem perature range  
o f  v a r io u s  compound e m itte r s
Emmitter E f f e c t iv e  work 
fu n c t io n  ( e v ) .
Temperature
°K
R eferen ce
CeB6 2 .5 9  + 3 .  0x 1 1140 -  1370 23
Ba B6 3 . 4 5 + 1 . 7 4  " 1250 -  1650 it
Th B6 2 *92 + 4 .7 2  ” 1 150  -  1600
La B6 2 , 6 6 + 1 .2 2  " 1080 -  1300 »
Y B6 2,2  ± 1 ,8  " it
Pr B6 3 .4 6  -  7 .9  " - »
Nd B6 3 .9 7  -  1 .0 8  " — it
Gd B6 2 .0 5  + 4 .2 8  " — it
Dy B6 3 . 5 3 + 1 . 3 7  " it
IIo B6 3 .4 2  + 1 ,86 " - 11
La oxide 
/W
3 . 0± 0 .7 5 x 1 0”i+ 1000 -  1100 25
Ce ” 2 .3  ~ 4 .1  " 1200 -  2000 it
Pr " 2.8  ± 5 .4  " 1400 -  1600 it
Nd " 2 .3  i  4 .1  " 1400 -  1600 tt
Gd 11 2 . 1  t k . 3 1100  -  1600 it
Lu tf 2 .3  -  6.0  " 1500 -  1700 it
Y u 2.0  ± 2 .6 4  " 1350 -  1500 tt
Th " 2.6  1  2 .4  " 1300 -  2200 25
ThC on W 3.2  + . 16  " 1500 -  2000 30
ZrC " ” 2 .1 8 +  5 .1  " 1173 -  2073 30
UC ” 2 .9 4 +  1 .1 " 1200 -  2100 29oc\o
s
4 .7 5  ± 0 .0 5 1400 -  1600 31
1 0%UC~*ZrC 2 .9  + 2 .3  x  10”1+ 1800°K 32
ZrN on W 3 .9 6 2000 33
TiN " " 3 .9 6 2000 it
UN " " 3 .1 + 2 .1 4 x 1 0~!+ 1350 -  2100 32
TaB2 n " 2 .8 9  + 2 . 1 4  " 1400 -  2100 33
ZrB2 n " 4 .4 8  -  4 .7 6  " 1500 -  2100 it
T i B2 ~ 4 .8 0  -  1 . 1 7  " 1350 -  1850 33«a
Mo B2 - 3 .0 5  + 4 .1  " 1550 -  2050 n tt
W B2 on W 3 .3 1300 -  2100 32
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I I . 2 , ft. Pure M etal E m itters
Therm ionic e m iss io n  p r o p e r t ie s  o f  the m eta ls  have b een  
in v e s t ig a te d  by many w o rk ers . But th e  o n ly  m etal ca th od es  
w hich are u sed  in  p r a c t ic e  are th o se  o f  W,Mo,Ta,Re, or 
Nb owing to  th e  is* requ irem ent o f  a h ig h  m e ltin g  p o in t .
These e m itte r s  have many advantages over th e  o th e r  ty p e  o f  
c a th o d e s . They can w ith sta n d  m echanical shock and io n  
bombardment, and are immune to  gas p o is o n in g . S in ce  no 
a c t iv e  m a te r ia ls  are u se d , a lo n g er  l i f e  i s  c h a r a c t e r i s t i c  
o f  th e se  e m it t e r s .
Tantalum and Molybdenum are e a s ie r  to  f a b r ic a te  than  
Tungsten owing to  t h e ir  b e t t e r  d u c t i l i t y .  Rhenium ' ' i s  
becom ing more im portant owing to  i t s  c a p a b i l i t y  o f r e s is t a n c e  
a g a in s t  "water c y c le"  r e a c t io n .  Tungsten i s  n o t as good as  
Rhenium in  th e  atm osphere o f  w ater t r a c e s .  Niobium has a 
low er n eu tron  c r o s s  s e c t io n  and h en ce , i s  u sed  in  n u c le a r  h ea t  
en ergy  c o n v e r s io n .
C urrent r e se a r c h  in  th e  th erm io n ic  s tu d ie s  o f  th e  m etal 
i s  in  th e  d ir e c t io n  o f  ( i )  r e - in v e s t ig a t in g  th e th erm io n ic  
v a lu e s  under v ery  c le a n  c o n d it io n ,  ( i i )  d e term in in g  th e  work 
fu n c t io n  o f  d i f f e r e n t  c r y s t a l  f a c e s  and ( i i i )  e x p lo r in g  
d i f f e r e n t  tech n iq u e  to  measure th e  work f u n c t io n .
W i l s o n ^ h a s  measured th e  th erm io n ic  work fu n c t io n s  
o f  N b ,M o ,T a ,W ,R e ,0 s ,Ir ,B e , T i,  Cr, P e , N i, Cu and P t . in  
vacuum (and in  Cs) u s in g  a cup c o l l e c t o r  sy stem . H is 
measurement co v ers  a w ide range o f  tem p era tu re . In many 
c a se s  h i s  r e s u l t s  d e v ia te  from th e o ld e r  r ep o r te d  v a lu e s .
An e x p la n a tio n  o f  th e  d is c r e p e n c ie s  have b een  p ro v id ed  in  
term s o f  th e  d i f f e r e n t  tem perature ra n g e , h e a t tr e a tm e n t,  
c r y s t a l  o r ie n t a t io n  and m e ltin g  p o in t s .  Some o f  h i s  r e s u l t s ,  
a lo n g  w ith  o ld  v a lu e s  are  r e ta b u la te d  in  Table IV .a .
Hopkins ^1 has d ev e lo p ed  a method o f  d e term in in g  th e work 
fu n c t io n  o f  th e  m eta ls  w hich c o n s is t s  o f  d e p o s it in g  a th ic k  
la y e r  o f  m eta l on g la s s  or s h e e ts  o f o th er  m eta ls  0 I t  i s  
shown th a t  th e  th erm io n ic  v a lu e s  o b ta in ed  on g la s s  s u b s tr a te s  
do n o t d i f f e r  a p p r e c ia b ly  th e  r ep o r ted  v a lu e s  o f
p o ly c r y s t a l l in e  specim ens in  l i t e r a t u r e • The d i s s i m i l a r i t i e s  
in  th e  work fu n c t io n  v a lu e s  w ith  sh e e t  m eta ls  has b een  
e x p la in e d  by th e  growth 0/  exp i t  a x ia l  crftJ- th e  ( 100.) and 
(111,112) f a c e s  o f  tu n g ste n  and ta n ta lu m 0 In g la s s  th e  
s tr u c tu r e  o f  d e p o s ite d  f i lm  has b een  i d e n t i f i e d  as  
p o ly c r y s t a l l in e o  The r e s u l t s  are shown in  T able IV.b*
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TABLE! I V , a . ( 5 4 )  T h e  w o r k  f u n c t i o n  o f  t h e  p u r e  m e t a l  e m i t t e r s
M etals Work fu n c t io n  
(e v )
Work fu n c t io n  
(o ld  v a lu e s )  
ev
Temperature ° k .
Be 3 .6 7 3 .9
Ti 4 .3  r-' 3 .7 3 3 .9
Cr 3 .9 4 .6
Fe 4  0 2 ■ 4*6 4 .5
Ni 1 6 .2 7 -1  .0 4 x10”3T 4 .6 1380<T<1500
t 4 . 4 1 i o . 02x i o“ 3t - 1170J3TCI250
Cu 4.41  i  0.02 " " 4 .6 0
Pt 5 .7 9 ;  5 . 03+4 ; 2x10 -14- 5 .3
Nb 4 .1 9 4 .0 0
Mo r 4 .1 2 4 .2
| 4 .0 3 -
j 4 .3 -
L 4 . 17 -
Ta 4.25 4 .1
W 4.54 4 .5 4
Re 4.96 4 .7
Os 4 .8 ^ - ( 5 .9- 3 .9 x 1 0 “U) 4 . 7
Ir 5*27 [ 1 1 1 j 5 . 3
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TABLE IV ,b » (3 5 ) The work fu n c t io n  o f  p o ly c r y s t a l l in e  sh e e t  
m a te r ia l and o f  m u lt i la y e r  o f  m etal d e p o s ite d  on d i f f e r e n t  
s u b s t r a t e .
Work f u n c t io n  in  ev
M etals
Ag
A l
W
P o ly c r y s t a l l in e  
S h eet m a te r ia l
f t .2 9 -  0.02
Au -
Ba -
Cd -
Cs -
Mo U .20 -  0 .0 3
Nb 1+.37 0 .0 3
Ta 14.22 i  0.02
Th 3.71  o ;o i
U 3 . 19  -  0.01
Thick m u lt i la y e r  d e p o s ite d  in  v a c u o m
G lass
.............. .
S h eet
Tungsten
S h eet
Tantalum
U .3 - 0 .0 2 U .32± 0 .03 ft.ftft±0.01
u .1 9 ± 0 .0 3 ti.21j±0.03 -
14. 7 1* 0 .0 2 I4. 7114*0.0014 14. 97*0.02
2 .3 5 - 0 .0 3 2.142^0.05 2 . 66*0.01
, - U .22±0.01
1 . 8ft±0.01
U.21 i 0 . 0ft — -
-
m1
3 . 1414*0.01
—
14.55*0.02
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B.CJh. D yubuya^^ ^   ^ seem s to  be th e  p r in c ip a l  
in v e s t ig a t o r  o f  th e  th erm io n ic  s tu d ie s  o f a l l o y s .  He has 
s tu d ie d  many a l lo y s  o f  H f, R e, Th, La, Nb as th e
common a d d it iv e  to  d i f f e r e n t  a l lo y in g  components co v er in g  
a w ide range o f  tem perature and c o m p o sitio n . The minimum 
v a lu e  o f  th e  work fu n c t io n  i s  a s s o c ia t e d  to  th e  co m p o sitio n  
th a t  corresp on d s t o ds in g le  m on o-layer .
The work f u n c t io n  o f  Hafnium a l lo y s  w ith  N b,Ta, W, Re^“^  
has b een  found to  be l e s s  than th a t  o f  pure H f. The a l lo y  o f  
Hf w ith  Nb and Ta y i e ld s  0 = 3 .U  ^  3 .7  w h ile  w ith  th a t  o f  
W or Re reduced  to  3 ,7  e v . S im ila r  r e s u l t s  are o b ta in ed  w ith  
Zr a l l o y s .
A s o l i d  s o lu t io n  o f  T ungsten in  Rhenium g iv e s  0 = 1+.85 ev
w h ile  Rhenium s o lu t io n  in  Tungsten produces 0 = i+.5L e v . The
Rhenium in  Tungsten does n ot in c r e a se  th e  work fu n c t io n  o f
tu n g s te n  w hich seems to  be anom dlous^^  ^. In th e  ca se  o f
( 37 )
Nb-Ta, T i-R e , Ta-Re a l l o y s '  11 th e  v a lu e s  o f  th e  work fu n c t io n  
are  a p p rox im ately  eq u a l to  k~k*2.  e v . However, '{/o T i-R e a l lo y s  
red u ces th e work fu n c t io n  as low as 2 .8 5  e v . When 2% Thorium i s  
a l lo y e d  w ith  OS, R e, P t ,  or I r ^ ^  th e work fu n c t io n  becomes 
p r a c t i c a l ly  eq u al to  th a t o f  a m onolayer o f  a Thorium in  th e
ca se  o f  Os and R e, w h ile  fo r  Pt and Ir  a l lo y s  i t  i s  3 .9 ^  L.O e v .
( 39)
Lanthanum a l lo y s  w ith  I r  and Os' ' reduce th e  work fu n c t io n  
even  low er than th a t  o f  pure Lanthanum. However a La-Pt a l l o y  
r e s u l t s  in  a h ig h e r  v a lu e  i . e .  L.01 e v . The low er v a lu e s  o f  
th e  work fu n c t io n  o f  th e  a l lo y s  w ith  Th or La are  a s c r ib e d  to  
th e  fo rm a tio n  o f  m on olayer .on  the a l lo y  s u r fa c e .
A t t a ^ ^  has in v e s t ig a t e d  th e th erm io n ic  p r o p e r t ie s  o f  
b in a r y  a l lo y s  o f  ra re  e a r th  m eta ls  w ith  tu n g s te n , which d id  
n ot show any marked improvement u n t i l  an a d d it io n a l  th ir d
I I . 2 . 5 .  ALLOY EM ITTERS
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m etal (i®e® Zr,  Th,  e t c®)  was added® I t  wae con clu d ed  th a t  
th e  p resen ce  o f  th ir d  m etal in c r e a s e s  th e  v a lu e  of^& ichardson  
c o n s ta n t ,  w h ile  th e  work fu n c t io n  i s  dete& ined  by th e  a l l o y  
a d d itiv e s®  The r e s u l t s  are  e x p la in e d  by a m o b il is in g  a c t io n  
o f  th e  t h ir d  metal® The ra re  ea r th  m eta ls  do n ot w et th e  
tu n g s te n , and in  th e  m olten  s t a t e  reach  th e  su r fa c e  o n ly  by 
evaporation®  The m o b il is e r  ( th ir d  m eta l) w ets  th e  tu n g sten  
and hence th e  m olten  a l l o y s  r i s e  to  th e  s u r fa c e  by c a p i l la r y  
action®  ( F ig * 1 ) e The r e s u l t s  are shown in  Table V®
R e c e n tly  R o z h k o v ^   ^ s tu d ie d  R e -r a r e -e a r th  m etal a llo y s®  
The work fu n c t io n  o f  the a l lo y s  have b een  found to  s ta y
a p p rox im ately  co n sta n t i®e® 2.9  ^ 3.0  ev w hich i s  0*2 ev l e s s
than  th a t  o f  co rresp o n d in g  r a r e -e a r th  m eta ls*  The Re-Lu i s  
an e x c e p t io n , w ith  a s l i g h t l y  h ig h er  work fu n c tio n *  The 
s im i la r i t y  in  th e  work fu n c t io n  o f  th e  a l lo y s  has b een
a t t r ib u t e d  to  th e s im i l a r i t y  in  e le c t r o n ic  s tr u c tu r e  o f  a l l
th e  ra re  e a r th  m eta ls  ® The c lo s e n e s s  betw een  the work 
fu n c t io n  o f  ra re  e a r th  m eta ls  and t h e ir  a l l o y s  has b een  
a s s o c ia t e d  w ith  th e  n a tu re  o f  th e  fo rm a tio n  o f  d i s t r i b u t i v e  
typ e  th in  f i lm s  on th e  surface®  The r e s u l t s  are  shown in  
Table V®
J o n e s h a s  s tu d ie d  the work fu n c t io n  changes o f  
d i f f e r e n t  la y e r s  o f  Copper d e p o s ite d  on T u n gsten , In ca se  
o f  ty p e  I la y e r  th e work fu n c t io n  r i s e s  from 4*52 ev to  4 . 83 , 
w h ile  th e typ e  I I  la y e r  d e c r e a se s  to  4 .2  ev® The typ e I I I  
la y e r  s l i g h t l y  in c r e a s e s  i t  to  4 .3  ev® The typ e I ,  I I ,  I I I  
la y e r s  have b een  assumed to  be on e, two and th r e e  atom ic  
thick®  The r e s u l t s  are shown in  Table V and i l l u s t r a t e d  in  
F ig  2 ®
Olitfi
ad atoms ejected 
f r o m  s h & v ^  e d g e  
o f  'm e ' i t i s e u s
R g  1 d T r a n s p o r t  o f  a d a t o m s  v i a  e v a p o r a t i o n .
F i g . I b R i s e  o f  m o l t e n  a l l o y  o n  s u r f a c e  b y  c a p i l l a r y  
a c t i o n .
10 ~eJ{(aiQn\&')
F i g . 2  C h a n g e  i n  w o r k  f u n c t i o n  w i t h  a m o u n t  o f  C o p p e r  
d e p o s i t e d  o n  T u n g s t e n  t i p  s u r f a c e .
- r  3 2  -
TABLE V The work f u n c t io n  o f  d i f f e r e n t  a l l o y  e m itte r s  w ith  
th e  range o f  tem p eratu re and th e  v a lu e s  o f  AR
(from  R e f . 1+0)
T
E m itter Work fu n c t io n  : 
(e v )
Temperature
°k
R eferen ce
Hf-Nb 3 . 1 + - 3 .7 1300-1700 36
Hf-Ta ir j ft tt
Hf—W - 3 . 7 t t tt
Hf-Re f t t t t t
Hf~Re t ! 1200-2000 t t
Zr-Re 3 .6 t t  t t tt
1 % Re-Hf 4 .0 f t  ft tt
1% Re-Zr ^ 1+.0 tt
W-Rq 1+.85 t t
Re-W L.5L i t
Nb-Ta 4 . 0 —4.1 37
Ti~Re 4 .1  —4 .2 t t
Ta-Re 4 .1 5 - 4 .2 5 t t
'[/o T i-R e -  2 .8 5 t t
0s~2%Th 3 .0 8 1600 36
R e- M 3 .0 9 t t t t
P t -  ” 4.00 t t tt
I r -  " 3 .9 0 t t t t
Ir~0*5%La 2 .6 9 tt 39
O s- ,f 2 .71 I f t t
1
1-pft 
;]
1+.01 t t tt
TABLE V ( c o n t d )
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T5f
E m itter  Work F u n ction
____ ______ - ev
I f  A I f
R Temperature R eference
W~La 2 * 4 5 1  . 3 9
..................
1 6 0 0 - 1 9 0 0 4 0
W-La-Zr 2 . 5 6 8 . 8 0 t i i t
W—La—Hf 2 . 5 2 5 . 3 0 n t t
W-Gd-Zr 2 . 5 0 4 . 9 0 i t n
W-Y-Zr 2 . 7 1 4 . 6 5 it i t
W-Th 2  * 6 6 2 . 5 2 i t t t
W-Th-Zr 2 . 7 0 1 1  . 0 1 tt i t
W-Th—Hf 2 . 6 9 1 2 . 2 4 i t i t
Re-Y 2 . 9 8 1300 4 1
Re-Gd 2 . 9 0 tt ti
Re—Tb 2 . 9 5 t=J* tt i t
Re~Dy 2 . 9 0 - it ti
Re-Ho 2 . 9 5 • to i t i t
Re-Er 3 . 0 0 i t t t
Re-Tu 2 . 0 5 i t it
Re-Lu 3 . 2 0 — i i i t
W-Cu
Type I Layer 4 . 8 3 - ■=> 4 2
”  I I  " 4 . 2 0 to . i t
”  I I I  ” 4 . 3 0 . to it
* amps/cm2 deg2
I I .  2o6o Techniques o f  P r e p a r a t io n .
V arious t e c h n iq u e s  are u sed  t o  produce d u p lex
c a th o d e s .  The most w id e ly  used  methods are  as f o l l o w s :
I I .  2 . 6 . 1 .  P a i n t i n g , d ip p in g  or d r a g g in g .
In t h e s e  te c h n iq u e s  t h e  e m it t in g  p a s te  i s  e i t h e r
p a in te d  on th e  core  m eta l or th e  l a t t e r  i s  dipped or
( 43d ra g g ed  through' th e  p a s t e .  Oxide co a ted  ca th o d es  '
(44)t h o r ia  ca th od es  and ca th o d es  o f  r e f r a c t o r y  c a r b id e s ,  
n i t r i d e s  and b o r id e s  ( 30 ) ar0 pr e pared by th e se
t e c h n iq u e s .
Here th e  a c t i v e  m a te r ia l  i s  sprayed on th e  s u b s t r a t e .  
The ty p e  o f  ca th od es  produced- norm ally  by t h i s  method • 
are o x id e -c o a te d  ca th o d es  ( 4 3  \  t h o r ia  ca th od es  (44)
and r a re  e a r th  o x id e s  ca th o d es  ( \ o
The d e p o s i t io n  o f  th e  e m it t in g  m a te r ia l  i s  o b ta in e d
e l e c t r o p h o r e t i c a l l y  by immersing th e  core  m eta l and a
second  e l e c t r o d e  in t o  an e m iss io n  p a s te  and by a p p ly in g
a p o t e n t i a l  between t h e s e  c a th o d e s .
T his  tech n iq u e  i s  b e in g  a p p lie d  in  th e  p r e p a r a t io n
o f  v a r io u s  ty p e s  o f  ca th o d es  e . g .  o x id e  c o a te d  ca th od es
^  t h o r ia  ca th o d es  ( 4 4  ) .  rare  e a r th  ox id e
(25 27 )ca th od es  9 and ca th od es  o f  r e f r a c t o r y  c a r b id e s ,
( 30 )b o r id e s  and n i t r i d e s  ; ' .
I I .  2 . 6 . ft. Im p regn ation .
In t h i s  method th e  b ase  m atr ix  i s  im pregnated in
vacuum by a m elt o f  a c t i v e  m a te r ia l  (Ba A lf t ) . The 
impregnat  
tech n iq u e
( k 5 )ed L -  ca th o d es  ' are produced hy t h i s
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I I .  2*6*5* P r e ss in g *
This te c h n iq u e  c o n s i s t s  o f  p r e s s in g  and s i n t e r i n g  
th e  m ixture o f  th e  powders o f  base  m eta l and a c t i v e
m a te r ia l*  Cathodes prepared  in  t h i s  way are p r e s se d  -
(  3  )  ( 2 3 )L -  ca th od es  > . ;  Hexaboride ca th od es  ' J ;
th o r iu m -tu n g s te n  (Cermet ty p e )  cathode  ^ ^  ^ , and
a l l o y  e m i t t e r s   ^ 37?LO ) o
I I .  2*6*6* D e p o s it io n  o f  Powder*
The powdered form o f  the. m etal i s  d e p o s i t e d  in  vacuum
on th e  s u b s tr a te *  This p r o c e s s  i s  u sed  in  th e  p r e p a r a t io n
 ^ and c 
( 35 )
o f  W-W.powder or W-Mo-powder cath od es   ^ ^  ath o d es
o f  v a r io u s  m e ta ls  on d i f f e r e n t  s u b s tr a te s
II* 2*6*7 . A l l o y i n g *
S tr a ig h tfo r w a r d  a l l o y i n g  o f  th e  components in  a
vacuum are fu rn a ce  ( i n  Helium or Arcon atmosphere)*
f 36—39 )The a l l o y  e m it t e r s  ' 7 have u s u a l l y  been prepared  by
t h i s  method*
IX* 2*6*8* A c t iv a te d  s i n t e r i n g *
S in t e r in g  may be c o n s id e r e d  as w e ld in g  to g e th e r  o f  
p a r t i c l e s  caused  by h e a t ;  th e  tem perature u sed  i s  n orm ally  
at l e a s t  2 /3  m e lt in g  p o in t*  In order t o  a c c e l e r a t e  th e  
s i n t e r i n g  p r o c e s s  th e  u se  o f  v a r io u s  a c t i v a t o r s  can be 
made ( * « « ■ » ) .
The a c t i v a t i o n  i s  termed a s  g a se o u s ,  l i q u i d ,  and s o l i d  
a c t i v a t i o n  a cco rd in g  t o  th e  s t a t e  o f  th e  phase r e s p o n s ib le  
fo r  th e  a c c e l e r a t i o n  o f  th e  p rocess*
Mechanisms fo r  m e t a l l i c  a c t i v a t i o n  have been
( 51  ) ( 52 )
su g g e s te d  by Brophy ' 7 , Toth ' 7 and
( 53 )Samsonov ' * Accordomg t o  Brophy th e  a c t i v a t i n g
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e lem ent forms a " c a r r ie r  phase" la y e r  on th e  tu n g s te n  
p a r t i c l e  su r fa ce*  Tungsten d i s s o l v e s  p r e f e r e n t i a l l y  in t o  
th e  la y e r  at p o in t s  o f  p a r t i c l e  c o n ta c t  and d i f f u s e s  
"outward" in  th e  i n t e r f a c e s  betw een th e  c a r r i e r  phase la y e r  
and th e  p a r t i c l e .  The Toth model a l s o  u se s  a s im i la r  
"modified" su r fa c e  but i t  i s  su g g e s te d  th a t  d i f f u s i o n  
ta k e s  p la c e  towards th e  p o in t s  o f  con tact*  Samsonov has  
e x p la in e d  th e  m e t a l l i c  a c t i v a t i o n  on the  b a s i s  o f  s t a b le  
c o n f ig u r a t io n  o f  l o c a l i s e d  e l e c t r o n s  '(see sec* 11*5-3)  - 
I t  i s  s u g g e s te d  th a t  th e  d e c r e a se  in  th e  amount o f  
f r e e  en erg y , during th e  t r a n s f e r  o f  e l e c t r o n s  from the  
a c t i v a t o r  to  th e  tu n g s te n ,(w h ic h  ta k e s  p la c e  in  order to  
in c r e a s e  th e  s t a t i s t i c a l  w eight o f  th e  s t a b l e  c o n f ig u r a t io n s  
o f  tu n g s te n  and a c t i v a t o r ) , i s  r e s p o n s ib le  f o r  th e  m e t a l l i c  
a c t iv a t io n *
Metal a d d i t iv e s  have been used  as a c t i v a t o r s  by many 
( 5 1  5 2  5 3  )workers ) J 9 *7 in  th e  s i n t e r i n g  o f  tu n g s te n  powder*
The optimum c o n c e n tr a t io n  o f  th e  a d d i t iv e  has been found
such as t o  g iv e  a m onolayer around each p a r t i c l e  o f
( 5 1 )tu n g sten *  Brophy v 7 has su g g e s te d  th a t  n i c k e l  remains  
on th e  s u r fa c e  o f  tu n g s te n  p a r t i c l e s  during th e  e a r ly  
s t a g e s  o f  s i n t e r i n g ,  and i s  th en  lo c a t e d  at g r a in  b oundaries  
d u rin g  th e  f i n a l  s ta g e s*
A. common tech n iq u e  u sed  f o r  adding th e  a c t i v a t o r s  i s  
t o  im pregnate th e  tu n g s te n  in  m eta l s a l t  s o l u t i o n  which i s  
fo l lo w e d  by r e d u c t io n  and s in t e r i n g  ( s e e  s e c t i o n  111*3)*
I t  i s  t h i s  tech n iq u e  which has been used  f o r  th e  p r e p a r a t io n  
o f  th e  e m it t e r s  o f  th e  p r e se n t  work*
(1 )  The r e c e n t  tren d  in  th e  development o f  th e  ca thodes  
have been  d i r e c t e d  towards th e  rep lacem ent o f  b a se  m etal  
and th e  u se  o f  a d d i t i o n a l  components e i t h e r  in  th e  a c t i v e  
m a te r ia l  or in  b a se  m a t e r ia l .  The purpose b e in g  ( i )  to  
p ro lo n g  the  l i f e  o f  the cathode by red u cin g  th e  e v a p o r a t io n  
r a t e  o f  the  a c t i v e  m a t e r ia l ,  ( i i )  t o  a c h ie v e  m echanical  
s t a b i l i t y ,  ( i i i )  and to  in c r e a s e  th e  cu rren t  d e n s i t i e s .
(2 )  The rep lacem en t o f  t r a d i t i o n a l  b a se  m e ta ls ,  in  f i lm  
typ e  and com posite  c a th o d e s ,  and i t s  e f f e c t  on th e  th erm ion ic  
p r o p e r t i e s  are q u i te  marked, b u t a sy st^ m d tic  s tu d y  o f  the  
work f u n c t io n  changes w ith  d i f f e r e n t  s u b s tr a te  has n ot
b een  c u r r e n t ly  fo r m u la te d .
(3 )  Only a few a l l o y  e m it t e r s  have b een  s t u d i e d .  In th e  
i n v e s t i g a t i o n  o f  a l l o y  e m i t t e r s ,  a wide range o f  co m p o sit io n  
and tem perature can be c o v e r e d ,  which i s  u s e f u l  in  p r o v id in g  
a d d i t io n a l  th erm io n ic  data  w ith  which a g e n e r a l  th erm io n ic  
model or c o r r e l a t i o n  can be d e v e lo p e d .
-  3 7  -
1 1 . 2 e 7© G e n e r a l  C o n c l u s i o n s  o n  T y p e  o f ' E m i t t e r s
-  3 8  *r
1 1 *3- GENERAL CATHODE ELECTRONICS *
I n tr o d u c t io n .
In order t o  determ ine th e  p h y s ic a l  phenomena o f  
e l e c t r o n  e m is s io n ,  two approaches have been used* One 
i s  th e  h i t h e r t o  d eve lo p ed  o ld  s e m i - c l a s s i c a l  approach  
which c o n s id e r s  th e  e l e c t r o n s  as " free"  in  th e  form o f  
an e l e c t r o n  gas i n s i d e  th e  m e ta l ,  w h i le  in  th e  o th er  
approach th e  e l e c t r o n s  are v iew ed  as occupying  " lo c a l i s e d "  
o r b i t s .
The im portance o f  m e t a l lu r g ic a l  a s p e c t s  ( e .g *  g r a in  
s i z e ,  m ic r o s tr u c tu r e  and p o r o s i t y  e t c )  o f  the  s u b s tr a te  
i n  th erm io n ic  emmision i s  d i s c u s s e d  in  s e c t i o n  (1 1 * 7 ) ,  
w h ile  th e  r e l a t i o n s h i p  between th e  c u r r e n t ,  tem perature  
and work f u n c t io n ,  and methods to  determ ine th e  th erm io n ic  
c o n s ta n ts  are d is c u s s e d  in  s e c t i o n  (11*8)*
In t h i s  approach i t  i s  assumed th a t  " fr e e  e le c tr o n s ' .1 
e x i s t  in  th e  form o f  an e l e c t r o n  gas in s i d e  th e  m eta l ^^4) 
in  which ca se  a fo r c e  f i e l d  f ( x )  i s  n e c e s s a r y  to  p reven t  
them coming out o f  th e  su r fa c e  ( F i g .3 )  . In order t o  tak e  
an e l e c t r o n  out o f  th e  m e ta l ,  work has to  be done a g a in s t  
t h i s  f o r c e  (o r  b a r r i e r ) ,  and th e  l e a s t  en ergy  im parted  
t o  th e  e l e c t r o n  at T = 0 °k  t o  remove i t  from th e  su r fa c e  
i s  eq u a l to  th e  work f u n c t io n  o f  th e  s u r fa c e
W = f ( x )  dx • . (2 )
( 5 5  )Sommerfeld v 7 m o d if ie d  t h i s  th e o r y  by p o in t in g  
out th a t  s in c e  a t  T = 0°k  th e  e l e c t r o n s  have a range o f  
e n e r g ie s  from zero  to  a maximum (Wi) and n ot o n ly  z e r o ,  
th e  magnitude o f  th e  work f u n c t io n  shou ld  be
-  3 9  -
Wa -  Wi = -Emax (3 )
where Wa i s  e x t e r n a l  work fu n c tio n '  fequal to  th e  depth • 
o f  th e  p o t e n t i a l  b ox , Wi i s  th e  maximum en erg y  o f  th e  
e l e c t r o n  (which i s  eq u a l to  Fermi e n e r g y ) , Emax i s  th e  
en ergy  d i f f e r e n c e ,  and th e  work f u n c t io n  w i l l  th en  be 
e q u a l to  th e  en ergy  o f  th e  uppermost e l e c t r o n  at T = 0 ° k ,
ri
iji
Wa
i
5
Emax
i
Wi
1>•—-
•Wrv,*» . I. ■ .1 m_ li i -1-MT-
vacuum l e v e l
Fermi l e v e l
bottom co n d u ctio n  band
F IG .3* Energy scheme o f  e l e c t r o n  e m is s io n  from a 
co n d u ct io n  band.
Vi/hen e l e c t r o n s  le a v e  th e  m e ta l ,  a n e g a t i v e l y  charged  
e l e c t r i c a l  la y e r  i s  formed near  th e  s u r f a c e ,  w h ile  e x c e s s  
p o s i t i v e  ch arges  form an oth er  la y e r  under t h i s  s u r fa c e .  
Thus a double la y e r  i s  formed whose f i e l d  r e ta r d s  th e  
e l e c t r o n s  p a s s in g  through i t o  The work f u n c t io n  i s  
d eterm ined  q u a n t i t i v e l y  by th e  p o t e n t i a l  drop a c r o s s  
t h i s  double la y e r  p lu s  th e  i n t e r i o r  work f u n c t i o n  Thus 
<fi » x + D (ft)
where x i s  th e  i n t e r i o r  work f u n c t io n  and
D i s  th e  s t r e n g t h  o f  double la y e r  b a r r i e r .
The main d e f i c i e n c y  in  th e  Sommerfeld model i s  
th a t  a r e a l  m eta l cannot be r e p r e s e n te d  by a p o t e n t i a l  
box w ith  a f l a t  bottom i . e .  (U p c o n s t , )  and th e  f i e l d
-  U.0 -
i n s i d e  i t  must vary  w ith  th e  c o - o r d in a t e s  o f  s t r u c tu r e  
o f  l a t t i c e  and th e  d e t a i l e d  s t a t e  o f  th e  e le c t r o n s *
Many o th e r  m o d i f i c a t io n s  have t h e r e f o r e  been  
c a r r ie d  in  th e  model by o th e r  w orkers , a rev iew  o f  
which i s  p rov id ed  by H erring  and N ic h o ls  (^ 6)^ F urther  
m o d if i c a t io n s  are r e l a t e d  w ith  o th er  minor f a c t o r s  tak en  
in t o  account e . g .  p o l a r i z a b i l i t y ;  p a tch es  e tc*
I I . 4 . 1  . The Work f u n c t io n  o f  Composite s u r f a c e s *
When f o r e ig n  atoms are adsorbed on th e  s u b s tr a te  
m e ta l ,  th e y  induce n e g a t iv e  charges  on th e  su r fa c e  and th us  
form an a d d i t io n a l  double l a y e r ,  which changes th e  
s tr e n g th  o f  th e  o rd in a ry  s u r fa c e  double la y e r s*  The 
magnitude o f  t h i s  f o r c e  ( AD) has been g iv e n  by Langmuir (57)  
(as
A D  = 2 ts;e«rM ( 5 )
where M i s  th e  d ip o le  moment o f  each adsorbed atom, 
and cr i s  th e  number o f  io n s  per  u n i t  a r e a .
Rasor and Warner ^have exten d ed  th e  Langmuir 
th e o r y  ( e s p e c i a l l y  f o r  Cs s u r fa c e s )  assum ing two 
adsorbed s p e c i e s ,  i . e .  atoms and io n s  w ith  d i f f e r e n t  
c h a r g e s ,  in s t e a d  o f  assuming o n ly  one s t a t e  f o r  adsorbed  
Gs ( s e e  Fig.fi..)* Each s t a t e  o f  th e  Cs p a r t i c l e  i . e .  io n  
or atom w i l l  th en  have a d i f f e r e n t  d ip o le  moment
-  4 1  -  
adsorbed  atom
F ig  4° H y p o th e t ic a l  cj^cle i l l u s t r a t i n g  th e  r e l a t i o n s h i p
among th e  v a r io u s  e m is s io n  and t r a n s i t i o n  e n e r g ie s*
T h is  th e o r y  le a d s  to  th e  fu r th e r  con seq uences  
th a t  th e  io n s  w ith  t h e i r  induced  n e g a t iv e  ch arges  form 
an a d d i t io n a l  double l a y e r ,  which changes th e  s tr e n g th  
o f  th e  double la y e r  a t  th e  su r fa ce*  The amount o f  
change i s  th e  measure o f  changes in  th e  work f u n c t io n  o f  
th e  su rface*  Assumptions made i n  t h i s  trea tm en t in c lu d e :
( i )  That th e  e l e c t r o n i c  s t r u c t u r e  o f  th e  s u b s tr a te  m eta l  
i s  not a f f e c t e d  by th e  ad sorbate  p a r t i c l e s *
( i i )  That th e  r a t i o  o f  th e  i o n i c  coverage ( 6i )  and atom ic  
coverage  6a i s  g iv e n  by th e
0 a /6 i  = 2 exp (-E /kT ) ( 6)
where T i s  th e  s u r fa c e  tem perature; and 0a+0i = 0
( t o t a l  coverage)*
By v i r t u e  o f  t h e s e  assum ptions th e  f i n a l  e x p r e s s io n
f o r  A t  i s  g iv e n  ass
n=2
A t  = 2& X T  CTi Mi ( 7 )
i = l
where 0*i i s  th e  p o p u la t io n  o f  each typ e  o f  d i s t r i b u t i o n  
and Mi i s  th e  d ip o le  moment o f  Cs io n  ( th e  d ip o le  moment, 
o f  th e  atom ic s p e c ie s  i s  tak en  as b e in g  eq u a l to  z e r o ) *
-  4 2  ~
and o f  Mi (from Mi = 2e r i ;  r i  b e in g  th e  i o n i c  r a d iu s )  
w i l l  th en  p r o v id e  th e  magnitude o f  work f u n c t io n  changes.
This th e o r y  can e x p la in  ex p er im en ta l  r e s u l t s  
s a t i s f a c t o r i l y  a t  low coverage  (0 = 3 / 4 ) •
G-yptopoulos and Levine ^ 9 Hiave u sed  th e  concept  
o f  e l e c t r o n e g a t i v i t y  due t o  P a u lin g  in  d e v e lo p in g
t h e i r  th e o r y  f o r  th e  work f u n c t io n  changes o f  com posite  
s u r f a c e s .  The d ip o le  moment o f  s u r fa c e  m o le c u le s  i s  
h ere  r e l a t e d  to  th e  e l e c t r o n e g a t i v i t i e s  o f  th e  two 
c o n s t i t u e n t s  atoms. In t h i s  model th e  adsorbed atom 
( c l a s s i c a l l y  Cs) i s  assumed t o  be p r e s e n t  on th e  su r fa c e  
in  o n ly  one s t a t e  and i t s  i n t e r a c t i o n ,  such as o v e r la p  
charge ( q) betw een  a d so rb a te  p a r t i c l e s ,  o v e r la p  ch arges  
(Q^) betw een ad so rb a te  and s u b s tr a te  p a r t i c l e s  and a 
charge t r a n s f e r  (P) betw een  s u b s tr a te  and ad sorb ate  are  
th en  exam ined. F and Q determ ine th e  change in  
e l e c t r o n e g a t i v i t y  and hence A t -
Major assum ptions o f  t h i s  model are ;
( i )  The e l e c t r o n e g a t i v i t y  o f  th e  s u r fa c e  i s  a f u n c t io n  
o f  coverage  ( 0 ) .  At 0=o, i t  i s  eq u a l to  th a t  o f  
pure s u b s t r a t e .
( i i )  The d ip o le  moment i s  in  tu rn  a f u n c t io n  o f  ”0",
( i i i )  The a d so rb a te  (Cs) atom forms fo u r  bonds w ith  
fo u r  atoms o f  s u b s tr a te  and g iv e s  r i s e  to  fo u r  
d ip o le  moments per ad sorb ate  atom.
( i v )  The d ip o le  b a r r i e r  i s  formed from p o lo a r i s e d  
a d a to m -su b stra te  m o le c u le s .
A n  e s t i m a t i o n  o f  <f:i w h i c h  i s  d e t e r m i n e d  e x p e r i m e n t a l l y ,
(v )  The e f f e c t i v e  work f u n c t io n  c o n s i s t s  o f  two
superim posed b a r r i e r s ,  i . e .  e l e c t r o n e g a t i v i t y  
b a r r ie r  E (0)  and d ip o le  b a r r ie r  d (0 )  i . e .
0 (0 )  = E (0) + d (0 )  ( 8)
E (0)  can be determ ined from P a u l in g ' s  e l e c t r o n e g a t i v i t y  
concept and d ( 0) from th e  r e l a t i o n  d (0)= L A*e crMe(0) 
where Me(6) i s  th e  f i r s t  moment o f  Cs atom.
T his i s  th e  o n ly  th e o r y  which r e l a t e s  0 w ith  coverage
( 0) and s a t i s f a c t o r a l l y  e x p la in s  r e s u l t s  even  a t  0 = 1 .
I I .  5» G eneral Comments on more r e c e n t  a p p ro a ch es .
The tr e n d  in  r e c e n t  approaches i s  c l e a r l y  to  
in c o r p o r a te  some measure o f  " l o c a l i s a t i o n  o f  e le c t r o n s "  
so th a t  th e  m e ta ls  bear a c l o s e r  resem blance t o  th e  
s t r u c t u r e  o f  f r e e  atoms. Thus "sp in  o r b i t a l s "  are  
c o n s id e r e d  l o c a l i s e d  around in d iv id u a l  a tom s(G yftop ou las  )
( ^ , s t a b l e  l o c a l i s e d  c o n f ig u r a t io n  have been proposed  
by Samsonov c ^  , and a l l o y  s t r u c t u r e s  have been reviev/ed  
in  terms o f  s p e c tr o s c o p ic  en ergy  l e v e l s ( E n g e l  and Brew er)(• 
Many p h jr s ic a l ,  ch em ica l and m e t a l lu r g ic a l  p r o p e r t ie s  
o f  e lem en ts  and compounds can be d e sc r ib e d  w ith  t h e s e  
new m odels a lth o u g h , in  g e n e r a l ,  d i f f e r e n t  models have 
been u sed  f o r  each  group o f  p r o p e r t i e s .
Only th e  models which se e m .to  be r e le v a n t  to  th e  
d i s c u s s i o n  o f  th e  p r e se n t  work ( s e e  s e c t i o n  VI) are  
reviY/ed in  t h i s  s e c t i o n .
- b k -
l l  , 5 ° lo  L o c a l iz e d  E le c t r o n  O r b i t a l s .
G yfto p o u lo s  and S t e in e r  in tr o d u c e d  th e  id e a
o f  l o c a l i z e d  e l e c t r o n  o r b i t a l s  which have a quantum 
thermodynamical fo u n d a t io n .  They a s s ig n  to  each e l e c t r o n  
a ’’sp in  o r b i t a l ” which i s  l o c a l i s e d  around a l a t t i c e  s i t e ,  
Por t h e s e  s p in  o r b i t a l s  th e  i o n i s a t i o n  and e x c i t a t i o n  
e n e r g ie s  and e l e c t r o n  a f f i n i t y  can be p r e c i s e l y  d e f in e d ;  
th e  c r y s t a l  s t r u c t u r e  i s  a l s o  d e s c r ib a b le  in  terms o f  
t h e s e  sp in  o r b i t a l s .
In  p a r t i c u l a r ,  e l e c t r o n s  l o c a l i s e d  around s u r fa c e  
l a t t i c e  s i t e s  are  thought o f  as a se p a r a te  c l a s s  o f  
s u r fa c e  atoms and i t  i s  from t h e s e  s u r fa c e  atoms th a t  
therm al e l e c t r o n s  are thought to  o r i g i n a t e .
On th e  b a s i s  o f  th e  above m odel, th e  v a lu e  o f  th e  
ch em ica l p o t e n t i a l  ( f tc ) ,  e l e c t r o n e g a t i v i t y  (x )  and 
work f u n c t io n  are  r e d e r iv e d  and t h e i r  i n t e r r e l a t i o n  
dem onstrated .
The en ergy  E(q) o f  th e  s u r fa c e  atoms i s  e x p r e sse d  
as a f u n c t io n  o f  th e  co n t in u o u s  v a r ia b le  ”q” which i s  
th e  s t a t i s t i c a l  measure o f  th e  charge in  a v a le n c e  sp in  
o r b i t a l .  A l l  q u a n t i t i e s  are  f i r s t  d e r iv e d  in  terms o f  
”q” and th en  c o r r e la t e d .  The quantum therm odynam ically  
d e r iv e d  r e l a t i o n s h i p s  f o r  jMc , x and o f  e l e c t r o n  in  
s p in  o r b i t a l  are  as f o l l o w s :
(a )  Chemical p o t e n t i a l  (f^ )
m [ |t    ,i_ L1. i_r 1 r    . ■ „ -in wsnttjQL
jMc = -  a t  c o n s ta n t  en trop y  ( 9)
f o r  sm a ll  tem perature th e  above e q u a t io n  can be 
reduced t o
-  U5 -
c = f o r  q=e ( p o s i t i v e  io n )  ( 9b)
c s  -  ao  f o r  q -~ e  (n e g a t iv e  io n )  ( 9c)
I  and A are th e  i o n i s a t i o n  p o t e n t i a l  and e l e e t r o n  a f f i n i t y  
r e s p e c t i v e l y  o f  th e  v a le n c e  e l e c t r o n  in  th e  l o c a l i s e d  
s p in  o r b i t a l .
(b) O r b ita l  E l e c t r o n e g a t i v i t y  ( x ) .
x (q )  i s  d e f in e d  as
x(q.) = at c o n s ta n t  en trop y  ( 10 )
which i s  eq u al t o  *-
and th e  n e u t r a l  o r b i t a l  e l e c t r o n e g a t i v i t y  w i l l  be  
x ( o )  a f o r  q = o ( l l )
( c )  Work f u n c t io n  (0)
S in ce  e l e c t r o n s  o r i g i n a t e  from v a le n c e  o r b i t a l s  
o f  su r fa c e  atoms, th e  work f u n c t io n  must be equal  
to  th e  n e u t r a l  o r b i t a l  e l e c t r o n e g a t i v i t y  o f  the  
v a le n c e  e l e c t r o n  i . e .
0 = x (o )  « ( 1 2 )
(d) R ole o f  Spin  o r b i t a l s  in  com posite  s u r f a c e s .
The th e o r y  o f  th e  work f u n c t io n  o f  com posite  s u r fa c e s  
on th e  b a s i s  o f  th e  sp in  o r b i t a l  model i s  d ev e lop ed  
v ery  much on th e  same l i n e s  as th e  e a r l i e r  G-yftopoulos  
t h e o r i e s .  In th e  newer approach a l l  th e  assum ptions  
are s im i la r  to  th e  p r e v io u s  th e o r y  ( s e e  S ec .  11.1+.) 
ex cep t  th a t  th e y  are r e d e f in e d  and r e f in e d  in  th e  
l i g h t  o f  s p in  o r b i t a l s  co n c e p t .
j ^ c  =  f o r  q = o  ( n e u t r a l  a t o m )  ( 9 a )
I I . 5 - 2 .  A c t iv a te d  S u rface  atom t h e o r y .
( 6 2 )J .  Bohdansky ' 1 has proposed  a th e o r y  o f  th erm io n ic
e m iss io n  which in v o lv e s  an a c t i v a t i o n  p r o c e s s  o f  su r fa c e  
atoms and d e r iv e d  a new form ula fo r  th e r m io n ic  em iss ion *  
H is i n t e r p r e t a t i o n  i s  b ased  on th e  model o f  sp in  o r b i t a l s  
l o c a l i s e d  around l a t t i c e  s i t e s  in tro d u ced  by G-yftopoulos  
By assuming th a t  e l e c t r o n s  are e m it te d  from atoms 
at and on th e  s u r f a c e ,  and c o n s id e r in g  th e  e m iss io n  as a 
t r a n s i t i o n  p r o c e s s  o f  a l o c a l i s e d  e l e c t r o n  c o n f ig u r a t io n  
in  th e  s o l i d  s t r u c t u r e ,  he d e r iv e d  th e  f o l lo w in g  eq u a t io n  
J = eV < o .  e /T  (13)
where J = cu rren t  d e n s i t y
e = charge o f  e l e c t r o n  
nQ = n o . o f  s u r fa c e  p a r t i c l e s  per u n i t  area  
TQ ~ c h a r a c t e r i s t i c  l a t t i c e  freq u en cy
•i
t  -  e l e c t r o n e g a t i v i t y  
T = Temperature (e x p r e s s e d  in  u n i t s  o f  energy)
This d e r iv a t io n  has been  shown not t o  be in  c o n t r a d ic t io n  
w ith  th e  R ichardson e q u a t io n  as d e r iv e d  by th e  Carnot 
c y c l e .
A com parison o f  th e  measured "A" (R ichardson  
C onstant) w ith  enQT^/T2 i s  shown in  TABLE VI which  
shows good agreem ent.
TABLE V I .
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o f  t h e  E m i s s i o n  C o n s t a n t s  ( T  =» l 8 0 0 ° k )
M a ter ia l
t
p r e d ic t e d  "A" I measured "A"
I t  has a l s o  been concluded  th a t  s in c e  e l e c t r o n e g a t i v i t y
has p r e v io u s ly  been equated  w ith  v<fi" i t  f o l l o w s  th a t
?•
,f0 u shou ld  be eq u al to  <p in  t h i s  an a lysis®
Bohdansky has a l s o  d i s c u s s e d  th e  two g e n e r a l ly  
u sed  approaches o f  th e r m io n ic  e m iss io n  from ae s l a t e d  
s u r fa c e s  ( s e e  S e c t io n  I I . 4 ) and has t h e o r e t i c a l l y  
c a lc u la t e d  th e  minimum work f u n c t io n  v a lu e s  b ased  on h i s  
in t e r p r e t a t i o n  ( s e e  Table V I I ) .  The r e s u l t s  are  
c l o s e  to  th e  ex p er im en ta l  v a lu e s .
-  ft8 ~
TABLE V I I ,
C a l c u l a t e d  M in im u m  W o rk  F u n c t i o n  V a l u e s ,
M a te r ia l
-. --
Bare <p 
(e v )
<p min 
(e v )
W i+, 6 1 .6
Ta ft-3 1 .7
Nb f t . l 1 .7
Mo ft .ft l . f t
Re ft-? l . f t
I r 5 .  ft 1 .5
Ni ft-5 1 -5
Os 5 © 1 1 -5
L~, -.... .... - .... —J
I I ,  5 -3 -  S ta b le  c o n f ig u r a t io n  o f  l o c a l i s e d  e l e c t r o n s ,
( 5 3 )
In Samsonov*s model ' e l e c t r o n s  e x i s t  in  both  
l o c a l i s e d  " s ta b le  c o n f ig u r a t io n s ” , or remain in  an 
u n l o c a l i s e d  s t a t e  d u rin g  th e  i n i t i a l  fo rm a tio n  o f  th e  
c r y s t a l l i n e  s o l i d .  S t a b l e ,  l e s s  s t a b l e  or even u n s ta b le  
s t a t e s  e x i s t  in  dynamic e q u il ib r iu m  t o g e th e r  w ith  
u n l o c a l i s e d  e l e c t r o n s .
The most l i k e l y  s t a b l e  c o n f ig u r a t io n  are d e s c r ib e d  
as f o l l o w s : -
( i )  The e n e r g e t i c a l l y  most s t a b l e  c o n f ig u r a t io n  based  
on quantum m ech an ica l fo u n d a t io n s  are
( i i )  The s t a b i l i t y  o f  th e  and "sp" c o n f ig u r a t io n
d e c r e a s e s  w ith  in c r e a s e  o f  p r in c ip a l  quantum
number w h i le  th a t  o f  "d" and "f" in c r e a s e s .
5 7( i i i )  d and f '  c o n f ig u r a t io n s  are more e n e r g e t i c a l l y  
s t a b l e  than  d*^ and f ^  r e s p e c t i v e l y .
( i v )  The ten d en cy  o f  e l e c t r o n s  in  a c r y s t a l  to  form a 
l o c a l i s e d  s t a t e ,  and th e  s t a t i s t i c a l  w eigh t o f  such  
s t a t e s ,  in c r e a s e s  as th e  number o f  e l e c t r o n s  in c r e a s e s  
i n  a g iv e n  atomic s h e l l .
Many o f  th e  p r o p e r t i e s  o f  e lem en ts  and compounds
e . g .  m e lt in g  p o i n t s ,  r e s i s t i v i t y ,  c r y s t a l l i s a t i o n ,  compound
( 6 3 )  ( 6k) ( 65)fo rm a tio n  v 7; magnides v 7; a lu m in id es  ' 7; and
( 6 6 )s i n t e r i n g  v 7 e t c . ,  have been  e x p la in e d  on th e  b a s i s  o f  
t h e s e  s t a b l e  c o n f ig u r a t io n s .  For example -
(a )  m e lt in g  p o in t s  can be r e l a t e d  w ith  th e  s t a t i s t i c a l  
w eig h t  o f  th e  s t a b l e  c o n f ig u r a t io n .  Higher s t a t i s t i c a l  
w eigh t o f  c o n f ig u r a t io n  r e s u l t s ' in  h ig h e r  m e lt in g
( p o i n t s .
(b) R e s i s t i v i t y  o f  th e  su b sta n ce  depends upon the  
p o p u la t io n  o f  th e  u n l o c a l i s e d  e l e c t r o n s .  I t  
d e c r e a s e s  w ith  th e  d e c r e a se  in  number o f  u n l o c a l i s e d  
e l e c t r o n s  ( i . e .  w ith  in c r e a s e  in  s t a t i s t i c a l  w eigh t  
o f  s t a b l e  c o n f i g u r a t i o n ) .
1
I I .  5 oi|.» Engel-Brew er t h e o r i e s  o f  C r y s ta l  s t r u c t u r e .
Engel ( has  e m p ir ic a l ly  c o r r e la t e d  th e  s tr u c t u r e  
o f  c r y s t a l  w ith  th e  outerm ost e l e c t r o n i c  s t r u c t u r e  o f  th e  
se p a r a te d  atoms. Brewer fu r th e r  d ev e lo p ed  t h i s
a p p r o a c h ,  a n d  s h o w e d  t h a t  t h e  s t r u c t u r e  a n d  c o m p o s i t i o n
-  5 0  -
range o f  th e  v a r io u s  i n t e r m e t a l l i c  phases can a l s o  he 
p r e d ic t e d .  The b in d in g  e n e r g ie s  and c o h e s iv e  e n e r g ie s  
are shown to  be r e l a t e d  w ith  th e  number o f  e l e c t r o n s  in  th e  
outerm ost s h e l l .  The r e l a t i o n  between th e  d i f f e r e n t  e n e r g ie s  
in  q u e s t io n  i s  shown in  F ig u re  5 .
promoted
s t a t e
—  - a r
Promotion energy
atom ic ground s t a t e
Heat o f  
! a to m iz a t io n
\
a  ,
Binding
energy
F in a l  s t a t e  ( i . e .  s o l i d )
F ig -  5- The r e l a t i o n s h i p  between the  Promotion en erg y ,  
Binding en ergy  and Heat o f  a to m iz a t io n .
The main c o n c lu s io n  o f  the  Engel-Brew er c o r r e l a t i o n  
i s  th a t  th e  c r y s t a l  s t r u c t u r e  o f  th e  s o l i d  i s  c o r r e la t e d  
w ith  th e  number o f  s and p o u ter  e l e c t r o n s  as f o l lo w s :
d S' = 1 = B.C.O.
,n -2  . d s p = 2 = H.C.P.
.n -3 fc 2d ^§p = 3 = F .C .C .
The c o r r e l a t i o n  o b ta in e d  h o ld s  q u i te  w e l l  f o r  t r a n s i t i o n  
e lem en ts  ( F i g . 6) and t h i s  in d i c a t e s
+ 1 0 0
+ 80 
+  6 0
+ 1+0 Kcal 
+  2 0
0
-  2 0
Sr Y Zr Nb Mo
F ig .  6 . R e la t iv e  e n e r g ie s  o f  th e  dn - 1 s and dn~2 sp e l e c t r o n i c  
c o n f ig u r a t io n  f o r  g aseou s  atoms o f  the  second t r a n s i t i o n  
s e r i e s .
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th a t  d i s c r e t e  promoted s t a t e s  p la y  an im portant r o l e  
even in  th e  hulk  m a t e r ia l .  At th e  s u r fa c e  such s t a t e s  
can he e x p e c te d  t o  he even  more prom inent, as  th e  s u r fa c e  
i s  in te r m e d ia te  in  c h a r a c te r  between th e  s o l i d  s t a t e  and 
th e  f r e e  atom ic c o n f ig u r a t io n .  The prom otion e n e r g ie s  
u sed  by Brewer-Engel are fu r th e r  d is c u s s e d  in  r e l a t i o n  
t o  th e  p r e s e n t  work in  S e c t io n  VI.
I I . 6 .  Summary o f  T h eo r ies  a cco u n tin g  f o r  th e  work f u n c t io n .
(1) In th e  s e m i c l a s s i c a l  approaches v a r i a t i o n  in  A 0  
i s  e x p la in e d  by th e  t h e o r i e s  o f  Rasor and G y fto p o u lo s .
In b oth  t h e o r i e s  th e  same q u a n t i ty  ( d ip o le  moment o f  th e  
s u r fa c e  double la y e r )  i s  i n v e s t i g a t e d  but w ith  d i f f e r e n t  
approaches. Rasor and Warner u se  th e  d ip o le  la y e r  concept  
and assume two s t a t e s  o f  th e  adsorbed p a r t i c l e s  ( i . e .  
atom and i o n ) . This th e o r y  does not ta k e  in t o  account  
bonds betw een th e  p a r t i c l e s  and i s  not a p p l i c a b le  at h ig h  
c o v e r a g e .  In GyfTopoulos and L e v in 's  model th e  concept
o f  e l e c t r o n e g a t i v i t y  i s  u sed  and r e l a t e d  to  th e  d ip o le  
moment o f  th e  m o le c u le .  The A  0 i s  shown as dependent  
o f  coverage  and has th e  advantage th a t  i t  e x p la in s  r e s u l t s  
a t  0 = 1 s a t i s f a c t o r i l y .  In  th e  l a t e s t  approach o f  
G -yftopoulos, though th e  c a l c u l a t i o n s  are b ased  on a 
s p in  orbital®- m odel, th e  n u m erica l r e s u l t s  are not  
markedly changed,
(2 )  There are some d i f f i c u l t i e s  r e l a t e d  to  d e f in in g  th e  
s t a t e  o f  th e  Cs p a r t i c l e  in  t h e s e  m odels as i t  has not  
been p o s s i b l e  to  c o n c e iv e  an experim ent to  confirm  th e  
p resen ce  o f  two k in d s  o f  adsorbed s p e c ie s  ( i . e .  atoms and 
i o n s ) .  A lso  i n  th e  G-yftopoulos m odel, th e  q u a n t i t i e s
-  5 2  -
F and Q are so  c l o s e l y  r e l a t e d  th a t  no means are  
a v a i la b le  t o  determ ine them in d e p e n d e n t ly .
Thus f o r  t h e i r  d e r iv a t io n  both  t h e o r i e s  r e l y  upon 
heavy approxim ation  and, i n  p a r t i c u l a r ,  c o n s id e r  th e  
e f f e c t  o f  s u b s tr a te  as i n s i g n i f i c a n t .
(3 )  These t h e o r i e s  have been  d eve lop ed  s p e c i a l l y  fo r  
Cs (Ba,Th) and are n ot r e a l l y  a p p l ic a b le  to  o th e r  system s  
e . g .  complex and a l l o y  e m i t t e r s ,  e i t h e r  b eca u se  th e  
r e q u ir e d  param eters cannot be d eterm in ed , or b ecau se  th e  
model i s  t o o  f a r  removed from th e  r e s t  sy stem .
(ft) The b a s i c  id e a  beh ind  th e  a l t e r n a t i v e  r e c e n t  
approaches i s  t o  c o n s id e r  a p ro p o r t io n  o f  th e  e l e c t r o n s  
in  e s s e n t i a l l y  l o c a l i s e d  o r b i t s  and c o r r e la t e  th e  
th erm io n ic  and o th e r  p r o p e r t i e s  o f  m atter  w ith  th e  r a t i o  
of l o c a l i s e d  and d e l o c a l i s e d  e l e c t r o n s .  These co n cep ts  
can be fu r th e r  ex ten d ed  t o  p ro v id e  th e  b a s i s  f o r  
p ro p o s in g  a g e n e r a l  c o r r e l a t i o n  f o r  th e  work f u n c t io n  w ith  
th e  number o f  e l e c t r o n s  in  o r b i t s  and such a c o r r e l a t i o n  
i s  d ev e lo p ed  in  S e c t io n  (Vi) and used  t o  e x p la in  th e  
r e s u l t s  o f  p r e s e n t  work.
to. 5 3  _
11*7 . Metallurgj.c& !L A sp ects  o f  Qathode jS lect.ilQ nigs.
M e t a l lu r g ic a l  v a r ia b le s  such as c r y s t a l  o r i e n t a t i o n ,  
m ic r o s tr u e tu r e ,  g r a in  s i z e  and p o r o s i t y  p la y  an im portant  
r o l e  i n  th e  e v a lu a t io n  o f  th erm io n ic  param eters and as 
w e l l  as i n  u n d ersta n d in g  th e  p h y s ic a l  e l e c t r o n i c s  o f  th e  
cathode® I n c lu s io n  o f  t h e s e  f a c t o r s  i s  r e l a t i v e l y  r e c e n t ,  
and a model f o r  th erm io n ic  e m iss io n  has y e t  to  be found
which in c lu d e s  a l l  such s t r u c t u r a l  f e a t u r e s  o f  th e
s u b s tr a te  m e ta l .
I I .  7 -1 -  C r y s ta l  O r ie n ta t io n  -
Many i n v e s t i g a t o r s  have found th a t  d i f f e r e n t  f a c e s  
o f  a c r y s t a l  have d i f f e r e n t  v a lu e s  o f  th e  work f u n c t io n .
Some m e ta ls  such as W, Ta, Mo, Ni have been s tu d ie d
e x t e n s i v e l y  in  t h i s  r e s p e c t .
G.N. Shuppe (70J ma&e a v e r y  d e t a i l e d  s tu d y  o f  
th e  work f u n c t io n  o f  d i f f e r e n t  c r y s t a l  f a c e s  o f  W, Mo, 
and Ta w ith  or w ith o u t  contam inants ( e . g .  Ba, Th, C s).
The average work f u n c t io n  i s  found t o  l i e  n ea rer  to  th e  
minimum v a l u e s .  The average work f u n c t io n  f o r  B.C.C. m e ta ls  
i s  ap p ro x im a te ly  eq u al to  th e  work f u n c t io n  o f  [100l f a c e .
I t  i s  in f e r r e d  th a t  a p r e d i c t io n  can be made f o r  th e  
average <p o f  o th e r  B.C.C. m eta l e . g .  Niobium.
The v a lu e s  o f  R ichardson  co n sta n t  f o r  d i f f e r e n t  
f a c e s  o f  Tungsten and Molybdenum are near to  th e  t h e o r e t i c a l l y  
e x p e c te d  v a lu e .  The v a lu e  f o r  Tantalum i s  an e x c e p t io n  
and remained u n e x p la in e d .
In  th e  c a se  o f  Tungsten covered  w ith  Barium 
[ h k l  = 110 , 112 , 100 , 111 , 116] th e  e m iss io n  current
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in c r e a s e s  m o n o to n ic a l ly  w ith  th e  degree o f  co v e r a g e ,  
which i s  in  agreement w ith  Levine and G-yftopoulos t h e o r i e s .  
Barium and Thorium are adsorbed p r im a r i ly  on th e  
f a c e s  w ith  low i n t r i n s i c  work f u n c t io n  w h i le  Cs a d so r p t io n  
i s  favou red  by h ig h e r  work f u n c t io n  f a c e s .  The r e s u l t s
o f  th e  i n v e s t i g a t i o n s  are  shown in  Table V I I I .
TABLE V I I I .  The work f u n c t io n  and R ichardson  c o n s ta n ts  o f  
v a r io u s  f a c e s  o f  W, Mo and Ta.
Metal Work f u n c t io n (e v )
110 112 100 111 1 16
W 5 .3 5 + 0 .0 5 f t .8 +0 .05 f t .6 +0.05 ft e ftO+O .02 ft. 32+0 .02
Mo 5 .0  +0.05 f t .55+0 .05 ft. ft + 0 .0  2 f t .10+0.02 ft .00
Ta ft .8 +0.02  
“
ft«3 "*ft * ft f t .15+0.02 ft.0  +0 o 02 3 .9 0
R ichardson
o _p .
C onstant (A degree  cm )
, 200-300 70-180 127 + 10 122 + 10 H 5  + i o
Mo 125+ 15 100+10 125 + 10 lftO + 20 -
Ta
1
30+ 10 10 10
I t  seems th a t  a c o r r e l a t i o n  o f  work fu n c t io n  w ith  
g r a in  s i z e  or m ic r o s tr u c tu r e  has o n ly  been  c o n s id e r e d  
by v e r y  few i n v e s t i g a t o r s .
Yang has su g g e s te d  a p o s s i b l e  e f f e c t  o f  g r a in
boundary d i f f u s i o n  on e m iss io n  in  h i s  work. H is r e s u l t s  
a l s o  in c lu d e  th e  e f f e c t  o f  h ea t  treatm en t o f  th e  m a te r ia l  
on th e  e m is s io n .  P id d  ,et-. a l  (7&) have p o in te d  out th e  
p o s s i b i l i t y  o f  a r e l a t i o n  betw een th e  R ichardson c o n s ta n t  
and th e  g r a in  s i z e .  A d e t a i l e d  i n v e s t i g a t i o n  o f  th e  
e f f e c t  o f  g r a in  s i z e  and m ic r o s tr u c tu r e  on the  work f u n c t io n  
has a l s o  been c a r r ie d  out by A.O. Jenson ( 7 3 ) 0 ^ne 
im portant c o n c lu s io n s  can be summarised as f o l lo w s :
( i )  D i f f e r e n t  g r a in  s i z e s  have d i f f e r e n t  work f u n c t io n  
and R ichardson c o n s ta n t .
( i i )  S in c e  g r a in  grows w ith  tim e and tem p eratu re , th e  
s u r fa c e  o f  th e  c r y s t a l  changes and th e  e m iss io n  from th e  
s u r fa c e  v a r i e s .
( i i i )  E le c tr o n  e m is s io n  i s  co n s ta n t  i f  th e  m ic r o s tr u c tu r e  
rem ains c o n s ta n t .
I I .  7«3« P o r o s i t y .
P o r o s i t y  p la y s  an im portant r o l e  in  d e term in in g  th e  
th e r m io n ic  p r o p e r t i e s  o f  b o th  bare and co vered  s u r f a c e s .
The cu rren t  e v a lu a t io n  o f  th e  su r fa c e  area  o f  a. porous  
s o l i d  r e q u ir e s  a d e t a i l e d  knowledge o f  th e  n a ture  and 
p e r c e n ta g e  p o r o s i t y  o f  th e  e m i t t e r .
In a porous e m it t e r  th e r e  may be b oth  e x t e r n a l  and 
in t e r n a l  e m it t in g  s u r fa c e s ;  v e r y  f i n e  powders have a
I I .  7 • 2 o G r a i n  S i z e  a n d  M i c r o s t r u c t u r e *
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la r g e  e x t e r n a l  s u r fa c e  area  and a sm all or even  n e g l i g i b l e  
i n t e r n a l  s u r fa c e  a r e a ,  w h i le  porous s o l i d s  are c h a r a c t e r i s e d  
by in t e r n a l  su r fa c e  area  o f  many order o f  magnitude g r e a t e r  
than th e  e x t e r n a l  su r fa c e  a r e a .
The p o r o s i t y  o f  an e m i t t e r  can a l s o  c o n tr o l  
th e  d i f f u s i o n  r a t e ,  m ig r a t io n  and a c t i v a t i o n  mechanism o f  
a c t i v a t i n g  m a t e r ia l s .  C onsequently  i t  has e f f e c t s  on th e  
l i f e  o f  th e  e m i t t e r .  A d i f f e r e n t  shape to  th e  whole 
th erm io n ic  curve can be e x p e c te d  from porous e m it t e r s  
owing to  th e  n o n sa tu ra ted  e m iss io n  from helfl?ogenous 
s u r f a c e s .  *
Dewsberry jlaB s tu d ie d  th e  e m is s io n  p r o p e r t ie s
o f  porous o x id e  ca th od es  on th e  b a s i s  o f  th e  p o t e n t i a l  
d i s t r i b u t i o n  and space charge w ith in  th e  p o res  o x id e s .
His r e s u l t s  e x h i b i t  a cu rvatu re  o f  R ichardson p lo t  at  
h ig h  te m p e r a tu r e .(F ig u r e  7 . )
The r e s u l t s  are in t e r p r e t e d ,  p a r t ly  in  
term s o f  "pore l i m i t a t i o n  theory" Fl l )  r e l a t e
th e  d iam eter o f  pore to  th e  th erm io n ic  param eters and 
p a r t ly  by a d so r p t io n  e f f e c t .
0 . 0 1  1 . 0  1 . 2  1 . 4  1 . 6  1 . 8
1 0 3 /  ^
F i g .  7 .  R i c h a r d s o n  p l o t s  o f  p o r o u s  e m i t t e r
-  5 7  -
Bondarenko (7&) j^ g  i n t e r e s t i n g  r e s u l t s
from a s tu d y  o f  porous W and powdered W and Mo 
d e p o s i t e d  on a m e t a l l i c  r ib b o n . Lower work f u n c t io n  
v a lu e s  have been  o b ta in e d  i n  th e  ca se  o f  p o ro u s ,  powdered  
s u r f a c e s ,  (r o u g h ) .
However th e  work f u n c t io n  s t e a d i l y  in c r e a s e s  as th e  
o p e r a t in g  tem perature i n c r e a s e s ,  and u l t i m a t e l y  a t t a i n s  
th e  v a lu e  o f  s o l i d  tu n g s t e n .  This change i s  c o r r e la t e d  
s a t i s f a c t o r i l y  w ith  th e  s i n t e r i n g  r a te  o f  th e  powder.
S im ila r  r e s u l t s  have been  o b ta in ed  f o r  Molybdenum 
powder, th e  o n ly  d i f f e r e n c e  b e in g  th a t  Mo powder s i n t e r s  
at low er tem p eratu res  ( I 5 0 0 ~ l 6 0 0 ° c ) .
The r e s u l t s  on W are shown in  Table IX.
TABLE IX.
The work f u n c t io n  o f  -so l id , ,  'powdered and porous t u n g s t e n .
E m itte r . Work f u n c t io n  
(e v )
Temperature
Porous W (u sed  f o r  
im pregnated  
ca th o d es)
W -  Ribbon.
u ” & W powder
...........  . .. ____
3.8  + 0 .0 5
4 .6 1 ;  4 .5 5  
3.8 ,2 , 3 .88
1300-1500°K
1900°K
1900°K
A th erm io n ic  e q u a t io n  v/hich in c lu d e s  th e  term f o r  p o r o s i t y  
has a l s o  been p ro v id ed  as:
J  =  ^ f  ( l — R ) A ^ » T ^ e x p  ( I k )
where $ = s u r fa c e  roughness c o e f f i c i e n t ,  
f  = p o r o s i t y .
R = r e f l e c t i o n  c o e f f i c i e n t .
-  5 8  -
Other f a c t o r s  have th e  u su a l  s i g n i f i c a n c e  i n  th erm io n ic  
e m is s io n .
Some o f  th e  r e s u l t s  p r e d ic t e d  by th e  eq u a t io n  are a s s -
TABLE X.
Temperature °K
y’f  ( l -R ) 1500° 1600° 1700° 1800° 1900°
1 ft. 60 ft. 68 ft. 62 ft. 69 ft. 69
10 f t .32 f t .31 ft. 28 f t .28 f t .27
100 ft .05 3 .9 9 3 .9 5 3-95 3 .9 1
C a lc u la te d  v a lu e s  o f  e f f e c t i v e  work f u n c t io n  at  
1500-1900°K w ith  tr u e  work f u n c t io n  v a lu e  = ft.52x6xlO'“-7T 
f o r  d i f f e r e n t  < f ( l ~ R ) .
-  5 9  -
Thermionic e m iss io n  c o n s ta n ts  are determ ined  from th e
Richardson-Dushman e q u a t io n :
J s  =  h t  e x p  ( -  § f  )  . ( l )
2where Js  = s a t u r a t io n  cu rren t  in  amperes/om
2  2A = fundam ental c o n s ta n t  eq u al to  = 1 2 0 .4  A/cm deg 
T *= tem perature (°K) o f  th e  e m i t t e r ,  
k a Boltzman co n s ta n t  i n  e l e c t r o n  v o l t s / d e g  
<f> = work f u n c t io n  i n  e l e c t r o n  v o l t s .
T o  O -1 /  O
A p lo t  o f  l o g  /T  v e r s u s  7 T g iv e s  a s t r a i g h t  
l i n e .  The work f u n c t io n  (<fi) i s  determ ined by th e  s lo p e  o f  
th e  l i n e  and "A" (R ichardson  c o n s ta n t )  by i t s  in t e r c e p t  
( e x tr a p o la t e d  t o  ^ T  = 0 ) .
For th e  d e te r m in a t io n  o f  th e  s a t u r a t io n  cu rren t  
f o l lo w in g  methods are  u se d .
( i ) The S ch o ttk y  P lo t
Here lo g  J v s  Vs  i s  p l o t t e d  which r e s u l t s  in  a 
s t r a i g h t  l i n e .  The e x t r a p o la t a t io n  o f  t h i s  l i n e  
at V=o p ro v id e  th e  zero  f i e l d  s a t u r a t io n  c u r r e n t .
( i i )  Spaoe-charge Break Method.
In t h i s  method th e  current and v o l t a g e  ( i n  s p a c e -  
charge r e g io n )  are p l o t t e d  on tw o -th ird -p o w er  paper  
or lo g  lo g  paper. The p l o t  i s  a s t r a i g h t  l i n e .
The f i r s t  p o in t  which f a l l s  a p p r e c ia b ly  below  t h i s  
s t r a i g h t  l i n e  g iv e s  th e  v a lu e  o f  zero  f i e l d  e m is s io n .  
A m o d i f i c a t io n  o f  th e  above method i s  i l l u s t r a t e d  
i n  F ig  8 (77)^
I I . 8 .  E v a l u a t i o n  of* t h e r m i o n i c  c o n s t  a n t  s .
-  6 0  -
F i g . 8 .  B e l l  Telephone L a b o ra to r ie s  e m is s io n  t e s t .
Here a s t r a i g h t  l i n e  i s  drawn p a ss in g  through th e  
o r i g i n  and p a r a l l e l  t o  th e  i n i t i a l  s t r a i g h t  part o f  th e  
ex p er im en ta l p lo t  ( s o l i d  l i n e ) .  Another s t r a ig h t  l i n e  
w ith  20/'o l e s s  s lo p e  i s  th en  drawn. The i n t e r a c t i o n  o f  th e  
l a s t  l i n e  w ith  th e  ex p er im en ta l  p lo t  d eterm in es  th e  
v a lu e  o f  s a t u r a t io n  c u r r e n t .  This method has been v ery  
u s e f u l  where th e  c u r r e n ts  are not s a tu r a te d .
The v a lu e  o f  "A” determ ined by R ichardson p lo t
a lw ays d i f f e r s w i t h  i t s  t h e o r e t i c a l  v a lu e i (= 120.ftA/cm2deg2 ) .
( 7 8 )  P PThe r e c e n t  tr e n d  w  1 i s  to  put A = 120.2+ A/cm deg and
then  determ ine th e  v a lu e  o f  work f u n c t io n .
For the  e v a lu a t io n  o f  th erm io n ic  parameter o f  th e
p r e s e n t ly  i n v e s t i g a t e d  e m it t e r s  the  f o l lo w in g  trea tm en t
i s  u se d .
( i )  For th e  s a t u r a t io n  c u r r e n t ,  th e  ex p er im en ta l  v a lu e s  
are d i r e c t l y  u sed  as th e y  are w e l l  d i s t i n c t  and 
s in c e  S c h o t t l e y  p lo t  i s  not s a t i s f a c t o r i l y  a p p l ic a b le  
in  ’’patchy  s u r f a c e s ” (h ere  porous and uneven  
s u r f a c e s ) .
( i i )  T h e o r e t ic a l  v a lu e s  o f  A = 120.2+ A/cm2deg2 are  u se d .
— 6 1  r*
( i i i ) A com parison betw een th e  e s t im a te d  v a lu e s  (w ith
2  2  \A = 120.2+ amps/cm deg ) and th o s e  o b ta in e d  by- 
R ichardson p lo t  w i l l  be made ( s e e  S e c t io n  V ) .
I I I . l .  DESIGN OP EXPERIMENTAL DIODE.
The pyrex g l a s s  was u sed  in  making th e  g l a s s  diod©- 
t u b e s ,  and in  a l l ,  th r e e  d iod e  en v e lo p e s  were c o n s tr u c te d  
f o r  th e  i n v e s t i g a t i o n  o f  th erm io n ic  s t u d i e s .  These are  
shown in  ( P i g s .  9 , 1 0 ) .
(1 )  i s  th e  f i r s t  en v e lo p e  f o r  th e  s tu d y  o f  th e  
' f i r s t  few c a th o d e s .  P r e l im in a r y  t e s t s  and
exp er im en ts  were conducted  w ith  t h i s  e n v e lo p e .
(2 )  i s  an'im proved v e r s io n  o f  no . ( l ) .  The 
d iam eter  o f  th e  tube i s  s l i g h t l y  sm a l le r  and 
s i x  Tungsten rods were used  t o  s e r v e  the  
purpose o f  e l e c t r i c a l  c o n n e c t io n s  and o f  
mounting th e  assem b ly . P r o v is io n  was a l s o  
made t o  s c r e e n  s t r a y  e l e c t r o n s  from r ea ch in g  
th e  anode. A s p e c i a l  arrangement was made to  
mount th e  s c r e e n  and p r o v id in g  a l e a d  f o r  a 
r e ta r d in g  p o t e n t i a l .
Both t h e s e  d iod e e n v e lo p e s  cou ld  n ot be u sed  
i n d e f i n i t e l y ,  b eca u se  each t im e th e y  had t o  be 
cut and r e s e a l e d  f o r  i n s e r t i o n  and e x t r a c t i o n  
o f  a new specim en.
(3 )  Shows th e  f i n a l  demountable system  u s in g  
s t a i n l e s s  s t e e l  f la n g e s  w ith  g l a s s  t o  m eta l  
s e a l s .  The whole tube w ith  a copper g a s k e t ,  
i s  b ak eab le  at k50°C. The specim en can e a s i l y  
be changed by d ism a n t l in g  th e  f l a n g e s .  The 
to p  f la n g e  has s i x  s t a i n l e s s  s t e e l  i"  l e a d -  
throughs in  a tube o f  l e n g th  8 |"  and 
diam eter  3 ” .
r  62  -
i n .  APPARATUS *
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F i g  9  E x p e r i m e n t a l  D i o d e s
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In i n d i r e c t l y  h e a te d  c a th o d e s ,  th e  t r a n s f e r  o f  h ea t  
from th e  h e a te r  to  th e  cathode in  vacuum i s  by means o f  
r a d i a t i o n  o n ly .  The f o l l o w in g  form ula ^79) jia s  pe e n 
u sed  as a gu id e  f o r  th e  approximate c a l c u l a t i o n  o f  
tem perature o f  th e  h e a t e r  which h e a ts  th e  cathode to  
i t s  o p e r a t in g  tem perature
t 2 U  =  T i b  /  1  +  IT T  ( 1 5 )
where -  tem perature o f  cathode; •= tem perature o f
h e a te r ;  a^  = area  o f  h e a te r  ( s p i r a l )  + area  o f  cathode
( i n s i d e )
a2 = area  o f  c a th o d e .
f o - i )
The nomogram g iv e n  by Kohl * ' was u sed  f o r  th e  magnitude
o f  h e a te r  c u r r e n t ,  tem perature and s i z e  o f  w ir e .
A s p i r a l  h e a te r  to  r a i s e  th e  tem perature o f  cathode  
s u f f i c i e n t l y  t o  produce th e  optimum th e r m io n ic  e m iss io n  
i s  made from tu n g s te n  w ire  0 . 3  mm d ia m eter .  A c o n ic a l  
b a sk e t  shape i s  p r e fe r r e d  f o r  e f f i c i e n t  h e a t in g .
The number o f  tu rn s  o f  th e  h e a te r  were determ ined  by  
t r i a l  and e r r o r .  The former t o  wind th e  h e a te r  c o i l  
i s  shown i n  F ig .  11 .
I I I . 1 . 2 .  H e a t e r .
-  66  —
” X r, C
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I
Stem
c le a r a n c e
H eater
s e c t i o n a l  
v iew  o f
(a )
(a) Ob)
F i g .  1 1 o Former to  wind th e  h e a t e r .
Method o f  w inding h e a te r  c o i l .
The lo ck n u t ( l ) and g u id e  n u ts  ( g) are  f i r s t  
removed from form er. One end o f  th e  w ire  i s  th en  pushed  
a lon g  groove in  th e  s tu d  and down th e  h o le  in  th e  c e n tr e  
o f  stem , u n t i l  enough w ire  comes through to  en a b le  i t  t o  
be g r ip p ed  in  jaws o f  a l a t h e  chuck ( to g e t h e r  w ith  th e  
f  o rm er) .
The o th e r  end o f  th e  w ire  i s  th en  p u l l e d  ta u t  so  
th a t  i t  i s  at r ig h t  a n g le  t o  th e  sy stem . Guide and 
lo c k  n u ts  are th en  r e p la c e d .  The f r e e  end o f  th e  w ire  
i s  h e ld  t a u t  w h i le  th e  chuck i s  r o t a te d  u n t i l  the  
r e q u ir e d  number o f  tu r n s  have been a p p l ie d .  The form er,  
lo c k  and gu id e  n u ts  are  removed and c o i l  i s  tak en  o f f .
The le a d  ends o f  c o i l  are  th en  formed by hand.
Two h e a te r  c o n n e c t in g  l u g s ,  5 cm lo n g ,  were cut out o f  
0 . 3  mm tantalum  s h e e t  and spot w elded to  th e  h e a te r  l e a d s .
These c o n n e c t in g  lu g s  p r o v id e  a v e r y .c o n v en ien t  way o f  
clam ping th e  h e a te r  in  p o s i t i o n  ( F ig .  1 2 ) .
-  6 7  -
I I I * 1 .3 -  R a d ia t io n  S h i e l d .
The u se  o f  a r a d ia t io n  s h i e l d  i s  e s s e n t i a l  at  
h ig h  o p e r a t in g  te m p era tu res .  A .3mm tantalum  s t r i p  was 
formed in t o  a m u lt i la y e r  ( s p i r a l )  c y l in d e r ,  and a 
tanta lum  cup spot w elded  on t o  th e  top  end o f  th e  c y l in d e r .  
The cup has a 6 mm h o le  and i s  used  to  support th e  ca th o d e .  
The r a d ia t io n  s h i e l d  i s  h e ld  to g e th e r  by wrapping and 
sp ot  w e ld in g  two tanta lum  s t r i p s  t o g e th e r  as shown in  •
F ig .  12 . This s t r i p  p r o v id e s  a co n v en ien t  way o f  
mounting th e  whole assem bly  i n  th e  a p p aratu s .  Another  
in v e r t e d  tantalum  cup, w ith  two h o le s  f o r  h e a t e r ’ s l e g s ,  
i s  sp o t  w eld ed , ( a f t e r  i n s e r t i n g  the  h e a t e r ) ,  a t  th e  
bottom end o f  th e  c y l in d e r  to  s to p  downward r a d i a t i o n .
In order  t o  s to p  e l e c t r o n s  e m it te d  from th e  h e a te r  
from r e a c h in g  th e  Anode, a cone was spot w elded  at th e  
bottom end o f  r a d ia t io n  s h i e l d  in  th e  second  tube (9 * b .)
The u se  o f  h e a te r  c o n n e c t in g  lu g s  ( F ig .  12) e l im in a t e s  
th e  need  o f  cone i n  th e  f i n a l  tube ( F ig .  10)
A r e c e s s  was cut in  th e  upper edge o f  r a d ia t io n  
s h i e l d  so  th a t  th e  edge o f  th e  cathode co u ld  be seen  
f o r  tem perature measurement.
I I I . 1 .4 -  Anode.
A pure n i c k e l  p l a t e  was used  in  making th e  c i r c u l a r  
anode (w ith  f i n s  a t t a c h e d ) .  The f i n s  are e lo n g a te d  
by th e  s i d e s  and r o l l e d  back to  g r ip  th e  l e a d s .  The 
f i n s  r e s t  on su p p o rt in g  n u t s .  The d e s ig n  i s  shown i i i  
F i g .  12 .
Fig
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1 1 1 . 2 .1 .  C lea n in g  o f  Components
The components u sed  in  th e  d iod e  a ssem b ly  were c le a n e d  
in  a u l t r a s o n i c  bath* The procedure b e in g  as f o l l o w s :
1) c le a n in g  in  i n h i b i s o l
2) th o r o u g h ly  washed in  running w ater
3) c le a n in g  in  Q uadraline
k) c le a n in g  in  d i s t i l l e d  w ater and th en  d r ie d  in  a i r .
The anode was c le a n e d  c h e m ic a l ly ,  th e  co m p o sit io n  o f
the  s o lu t i o n  b e in g
50 cc A c e t ic  Acid  
30 u N i t r i c  A cid  
10 " H yd roch lor ic  A cid  
1 0 "  O rthophosphoric A cid
1 1 1 .2 . 2 .  Mounting o f  Anode and R a d ia t io n  s h i e l d .
The f i n s  o f  the  anode were wrapped around the  anode 
le a d s  and sup p orted  by  th e  n u t s .  (The h e ig h t  o f  the  anode 
can be a d ju s te d  by tu r n in g  th e  n u t s . )
Next the  r a d ia t io n  s h i e l d  w ith  h o ld in g  s t r i p s  i s  mounted by
r e s t i n g  i t  on two fu r th e r  n u ts  on the  cathode l e a d s .  The 
one mm i n t e r e l e c t r o d e  gap i s  a d ju s te d  by tu r n in g  th e s e  
Cathode n u t s ,  and u s in g  a s tan d ard  one mm spacer* F i n a l l y  
th e  lu g s  o f  th e  h e a te r  are  clamped betw een th e  two p a ir  
o f  n u ts  on h e a te r  l e a d s ,  in  such a way th a t  th e r e  i s  no 
e l e c t r i c  le a k a g e  betw een  th e  h e a te r  and r a d ia t io n  s h i e l d  or  
betw een a d ja c e n t  tu rn s  o f  h ea ter*  The d iod e  assem bly  i s  
shown and i l l u s t r a t e d  in  F ig  13?
I I I . 2® DIODE ASSEMBLY
- 7 0 “
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I I I . 5* PREPARATION OF CATHODE
III® 5 . 1 * F a b r ic a t io n
Small r e c ta n g u la r  p i e c e s  were cut from a r e c ta n g u la r  
bar o f  green  a s - p r e s s e d  Tungsten made from a s i n g l e  b a tch  
o f  hydrogen reduced Tungsten powder s u p p l ie d  by Murex Ltd® 
The Tungsten bar was p r e s se d  a t  18 to n s  per s q . i n c h ,  g iv in g  
b a rs  having  a c r o s s  s e c t i o n  o f  19®20 x  3®70 mm® The 
Tungsten powder had an average p a r t i c l e  s i z e  o f  3®8 m icron s,  
th e  green  d e n s i t y  o f  th e  compact b e in g  10®U0 g /c c *  The 
c o m p o sit io n  o f  th e  Tungsten powder i s  g iv e n  in  Table XX
Table XI 
C om position  o f  Tungsten Powder
— ~ j
Element Fe Cr MO Ni S i N C 0
p .p .m . 90 30 90 35 80 90 100 900
Cut s l i c e s  were shaped on emry paper to  make t h in  
c i r c u l a r  d i s c s  1 1 ®0 mm d ia m e te r ,  care b e in g  taken  to  
remove any lo o s e  debris®
I I I . 3.2® P r e p a r a t io n  o f  S a l t  Solution® Im pregnation and
P r y i n g
A known q u a n t i ty  o f  m etal s a l t s ,  p r e v io u s ly  determ ined  
t o  g iv e  0*317  w e ig h t  p e r c e n t  o f  Pd and 0®130  w e ig h t  p e r c e n t  
o f  N i ,  Co or Cu was d i s s o l v e d  in  the 1 0 * c .e  o f  s o lv e n t  
(A lco h o l or A c e to n e ) .  The q u a n t ity  i s  such th a t  i t  g iv e s  
a monolayer o f  a l l o y i n g  m etal around each p a r t i c l e  o f  
Tungsten® The f o l lo w in g  q u a n t i t i e s  o f  s a l t s  are  u sed  f o r  the  
p r e p a r a t io n  o f  so lu t io n s®
T 72 -
PdCl2 2 H2 0 = 1 .5 gnu
NiClg 2 H20 = 1 .5  gnu
Co C l2 6 H20 = 1 . 5  gm»
Cu C l2 2 H2 0 = 1 .07  gnu
Im pregnation
A t e s t  tube c o n ta in in g  s o l u t i o n  i s  h e ld  h o r i z o n t a l l y  
and the  porous cathode® i s  p la c e d  near  the  neck  o f  the  
t e s t  tu b e .  The s o l u t i o n  e n t e r s  through th e  bottom s u r fa c e  o f  
th e  cathode and im pregnates the whole cathode by c a p i l l a r y  
a c t i o n .  A f te r  b e in g  p r o p e r ly  im pregnated, th e  cathode i s  
put in to  a d ry in g  fu r n a c e ,  the  dry ing  tem perature and tim e  
b e in g  130°C and 5 m inutes r e s p e c t i v e l y .
I I I . 3 . 5 .  REDUCTION AMD SINTERING
The r e d u c t io n  and s i n t e r i n g  were c a r r ie d  out in  a tube  
fu rn a ce  c o n s i s t i n g  o f  r e c r y s t a l l i s e d  Alumina1 ($25)  tube o f  
2ft mm bore  and 100 cm lo n g .  The fu rn ace  was h e a te d  by  
S i l i c o n  Carbide r o d s ,  capab le  o f  reach in g  a tem perature o f  
1900°C o Temperature was c o n t r o l l e d  by an E ther C o n tr o l le r  
which gave a c o n tr o l  c y c le  o f  ± 5°c* V arious atmosphere  
co u ld  be in tro d u ced  in  th e  fu rn ace  t u b e .
The tube was f i r s t  f lu s h e d  w ith  Argon and then  the  
Hydrogen a t  a r a t e  o f  200 cc/mm i s  p arsed  through th e  tu b e 'a n d
a c t i v a t i n g  s a l t s  are reduced a t  600°C f o r  30 minutes®
F i n a l l y  th e  e m it t e r s  were s in t e r e d  a t  1000°C f o r  
20 h o u rs .  The s in t e r e d  e m it t e r s  were taken  out o f  the  
fu rn a ce  and were t e s t e d  in  th e  exp er im en ta l d io d e .
Porous e m it t e r s  do not r e q u ir e  s i n t e r i n g  a t  1000°C 
and were tak en  o u to f  th e  fu rn a ce  a t  the end o f  r e d u c t io n .
— O
10“ mm o f  Ilg i s  shown in  F ig .  li+« I t  c o n s i s t s  o f  a
r o ta r y  pump, m o le cu la r  s i e v e  t r a p ,  mercury d i f f u s i o n
pump, two l i q u i d  n i t r o g e n  t r a p s  and th e  ex p er im en ta l  tu b e .
The m o le cu la r  s i e v e  tr a p  (d e s ig n e d  and c o n s tr u c te d  in  th e
departm ent) i s  u sed  to  su p p ress  th e  m ig r a t io n  o f  o i l  and
w ater vapours in t o  th e  tube  from th e  r o ta r y  pump. This
o —3tr a p  i s  r e g e n e r a te d  by b ak ing  a t  300 C .a t  10  ^ t o r r .
The u se  o f  a l i q u i d  n i tr o g e n  tr a p  p r e v e n ts  th e  back 
d i f f u s i o n  o f  vapours from th e  r o ta r y  pump, and by o u tg a s s in g  
th e  mercury pump enhances th e  pumping speed  o f  th e  system .
T h e  a p p a r a t u s  t o  a t t a i n  t h e  p r e s s u r e  o f  t h e  o r d e r  o f
- 7 4 -
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IV * 1 . O u tgass in g  and A c t iv a t io n .
—6When th e  p r e s su r e  f a l l s  t o  3 x 10~ t o r r ,  th e  tube  
i s  baked out f o r  at l e a s t  1§ hours at l±00°Go ^he 
p r e s su r e  f a l l s  t o  1 x 10 t o r r  at th e  end o f  th e  bake 
o u t .  For o u tg a s s in g  and a c t i v a t i o n  o f  th e  e m it t e r  th e  
f o l l o w in g  procedure i s  adopted .
( i )  At th e  end o f  th e  bake out ( i . e .  1 x 10~^ t o r r )  th e
tem perature o f  th e  cathode i s  s lo w ly  in c r e a s e d  t o  1000°C
w h i le  a t  th e  same tim e w atch in g  and m a in ta in in g  th e  p r e s su r e  
-5  -6betw een 10 ^ 1 0  t o r r  in  th e  tube t o  p rev en t  any
co n ta m in a tio n  on anode ( th e  i n i t i a l  sharp in c r e a s e  in  
p r e s su r e  i s  due t o  o u tg a s s in g  o f  th e  h e a t e r ) .
( i i )  The anode i s  now h e a te d  s lo w ly  to  900°C f o r  J hour 
by r a d io  freq u en cy  h e a t in g .  Again care  b e in g  taken  t o  
p reven t th e  p r e s su r e  r i s i n g  t o  more than  10*"  ^ t o r r .
( i i i )  The cathode and anode are  h e a ted  a l t e r n a t e l y  t o  
a vo id  th e  e v a lu a t io n  o f  th e  g a s e s  to  condense on e i t h e r  
s u r f a c e .
( i v )  When a vacuum l e v e l  o f  10~^ t o r r  i s  reached  a f t e r
s te p  ( i i i )  th e  r a d io  fr e q u en cy  h e a t in g  i s  d is c o n t in u e d
_■7
and the  p r e s su r e  u s u a l l y  improves t o  10 1 t o r r .
(v )  F i n a l l y  th e  tem perature o f  the  e m it t e r  i s  r a i s e d  t o  
i t s  o p e r a t in g  tem perature and th e  current i s  drawn.
IV. 2 .  Current m easurement.
The c i r c u i t  shown in  F ig .  15 i s  u sed  f o r  th e  determ in­
a t io n  o f  th e  e l e c t r o n  c u r r e n t .  The sm a l le r  cu rren t  o f
-~7 - 9
th e  order o f  10 ^  10 amps, was measured by means o f  th e  
p o t e n t i a l  drop a c r o s s  1k r e s i s t o r  ( i  = ) which i s
I V .  EXPERIMENTAL P ROCEDURE AND MEASUREMENTS .
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th e n  measured b y  a  h ig h  i m p e d a n c e  m ic ro v o ltm ete r  
(R ikadenki), th e  lo w e s t  v o l t a g e  m easurable b e in g  
1 m ic ro v o lt*  The la r g e r  c u r r e n ts  ( 10“ B amps) were
measured d i r e c t l y  by a microammeter. The anode v o l ta g e  
i s  measured by a v o l tm e te r  a c r o s s  anode and ca th o d e .
A check was made f o r  lea k a g e  round th e  d iod e  by d is c o n n e c t ­
in g  th e  h e a te r  supply* As th e r e  was no i n d i c a t i o n  o f  
cu rren t  on th e  m eter ,  i t  was assumed th a t  lea k a g e  cu rren t  
was n e g l i g i b l e *
IV. 3® Temperature measurement.
The tem peratures o f  the  e m it t e r s  were measured by two 
o p t i c a l  pyrom eters ( t o t a l  r a d ia t io n  and d isa p p e a r in g  
f i la m e n t )  f o c u s s e d  on th e  edge o f  the  e m i t t e r .  The 
ob served  tem perature i s  a lw ays l e s s  than  th e  a c t u a l  
tem perature and hence c o r r e c t io n s  were made f o r  th e  
s p e c t r a l  e m i s s i v i t y  and a b so r p t io n  o f  th e  g l a s s  w a l l
V a r ia t io n s  in  tem perature o f  i n d i r e c t l y  h e a te d  cathodes  
i s  v e r y  s low  owing to  t h e i r  la r g e  h eat c a p a c i t y .
V . 1 . ' S o l id  Tungsten (w) E m itter
I n i t i a l  exp erim en ts  were performed with, s o l i d  Tungsten
to  o b ta in  s tan d ard  r e fe r e n c e  th erm ion ic  cu rves  and to check  
i f  any back-ground e f f e c t s  on e m iss io n  were p r e s e n t .
A l l  o th er  r e s u l t s  r e f e r  to  i d e n t i c a l  a c t i v a t i o n  proced u res  
f o r  each e m it t e r  (a s  d e s c r ib e d  in  the  p r e v io u s  s e c t i o n )  
and a l l  th e  e m it t e r s  were f a b r ic a t e d  from th e  same b a tc h  o f  
Tungsten .
V.1 .1 . Thermionic Curves ( I  -  V)
Thermionic curves ( I v s  V) f o r  b u lk  Tungsten a t  6
o p e r a t in g  tem peratures  are  shown in  F ig  16 d . I t  can be
se e n > th a t  the  n a tu r e o f  th e  curves  are s im i la r  to  the  
th erm io n ic  curves  = o f - s ta n d a r d  Tungsten r e p o r te d  in  L i t e r a t u r e .
V . 1 . 2 .  Thermionic C onstants  o f  Tungsten
V alues o f  work f u n c t io n  (^r ) and R ichardson  co n s ta n t  (^R)
•i
have b een  determ ined  from th e  s lo p e  and in t e r c e p t  a t  / T = 0
o f  the  R ichardson p l o t  lo g  v s  V T (F ig  2ft. ) 0 These
can be compared w ith  the  e s t im a te d  v a lu e s  o f  th e  c o n s ta n ts
2  2from eq u a t io n  (1 ) w ith  A « 120 amps/deg .cm « (Table X I I )
The v a lu e  o f  work f u n c t io n  (^R) from the p r e s e n t  r e s u l t s  i s
f t .5 av while' ^R -  6 2 .
E st im ated  v a lu e s  o f  th e r m io n ic c o n s ta n ts  o f  
Tungsten
-  7 8  -
V RESULTS
A 2 2 = 1 2 0 .amps/cm .deg
Temperature ! 
<°k> !
1350 1ft00 1450 1500 1550 1600
Work f u n c t io n  
(e v ) f t .57 f t .54 4 .5 8
4.60 4 .5 8 4 .5 9 *
2 2 A  ^ = 62 amps/cm .deg .
Work f u n c t io n f t .50 ev
(a
m
ps
)
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Fig16 I-V C h a ra c te r is t ic s  o f s o lid  Tungsten
No decay has been  d e t e c t e d  from th e  s o l i d  Tungsten  
e m it t e r  a t  1 600°K f o r  2 hours e
V»2.  Porous Tungsten E m itter
F ig  17  shows th e  th erm io n ic  curves o f  a porous e m i t t e r .
The nature o f  th e  curves  a t  low tem perature (1350-1 L50°k )
are  s im i la r  to  th a t  o f  s o l i d  Tungsten (F ig  16 )» At h igh
tem perature ( 1600°k ) i t  has an a d d i t io n a l  hump betw een  
600-800 v o l t s , and th e  cu rren t  has n ot s a tu r a t e d  a t  
1 5 5 0 - 1 6 0 0 ° K  *
Ve2,1 . E v a lu a t io n  o f  work f u n c t io n  j[0)-and t o t a l  e m it t in g  area
( S ) f o r  porous T u n gsten .
The v a lu e s  o f  ’ 0 ' and 'S '  o b ta in ed  from th e  R ichardson
p l o t  (F ig  21+) are  g iv e n  in  Table X III  o The in t e r c e p t  a t  
1
^  = o g iv e s  a v a lu e  which i s  th e  product o f  R ichardson
c o n s ta n t  ( M  and th e  t o t a l  e m it t in g  area  (S)« S has been
e s t im a te d  by d iv id in g  th e  in t e r c e p t  v a lu e  by th e  standard
v a lu e  f o r  Tungsten ("^ R = 60)  as  determ ined e x p e r im e n ta l ly  in
S e c t io n  V01 * 2 0 The e s t im a te d  v a lu e s  o f  work f u n c t io n  b a se d
2  2on th e  c o n v e n t io n a l  v a lu e  o f  A s  120 amps/cm *deg 0 combined 
w ith  S = 10 are  a l s o  g iv e n  in  th e  T ab le .
-  8 0  -
V . 1 . 3 .  D e c a y  C h a r a c t e r i s t i c s
- 8 1 "
t
1 0 0 zoo 3 0 0 4 0 0 5oo  60 0 7 0 0 800 900 4 0 0 0
V
Fig.17 PV C h a ra c te ris tics  of 
Porous ( P res in tered ) Tungsten
n* 8 2
The v a lu e s  o f  work f u n c t io n  and t o t a l  e m it t in g  
area  o f  Porous Tungsten e m it te r
Temperature 
o 
T K
Work f u n c t io n  
0
E m ittin g  Area 
S
R ichardson
C onstant
A
1 350-1600  K 4 .5 3 10 60
1350 4 . 6 o 10 120
1400 4 .5 8 ♦i !»
1450 4.61 u M
1500 4.51 i t «
1550 4 .6 o i t tt
1600 4 .6 2 t t tt
V . 2 . 2 .  Decay c h a r a c t e r i s t i c s
The porous Tungsten e m it t e r  was kept a t  l 6 0 0 ° K f o r  2 hours  
h u t  no decay o f  e m is s io n  o b se r v e d .
V * 3 < >  A l l o y  E m i t t e r s  ( W ~ P d ,  W - N i ,  W - G o , W - C u )
V . 3 « 1 •  T h e r m i o n i c  c u r v e s  f o r  f u l l y  s i n t e r e d  a l l o y s  
( 9 0 %  t h e o r e t i c a l  d e n s i t y )
Thermionic curves  o f  W-P& and W-Ni a l l o y s  are shown 
in  Figs® 1 8 , 19*The n atu re  o f  t h e s e  curves  are  seen  to  
he s im i la r  to  th a t  o f  s o l i d  tu n g s te n  ( F i g .  16 ) .
V*3®1 *  Thermionic curves  fo r  p r e s in t e r e d  a l l o y s  
(55% t h e o r e t i c a l  d e n s i t y )
T h e r m i o n i c  c u r v e s  o f  t h e  p o r o u s  W - P d ;  W - N i ,  W - C o ;
W-Cu are shown in  F ig s 2 0 ,2 1 ,2 2 ,2 3 ?  r e s p e c t i v e l y .
T h e  d a s h e d  c u r v e s  r e p r e s e n t  t h e  e m i s s i o n  b e f o r e  t h e  s t a r t  
o f  d e c a y  w h i l e  t h e  s o l i d  l i n e  c u r v e s  g i v e  t h e  v a l u e s  o f  
s t a b l e  e m i s s i o n  c u r r e n t  a f t e r  3 §  h o u r  d e c a y  i n  e m i s s i o n .  
T h e  W - C u  e m i t t e r  c u r v e s  a r e  s t a b l e  f o r  t h i s  p e r i o d  a n d  
d o  n o t  s h o w  a n y  e f f e c t  o f  d e c a y  i n  e m i s s i o n .
T h e  e m i s s i o n  c u r v e s  b e f o r e  d e c a y  s h o w  a  t e n d e n c y  
f o r  s a t u r a t i o n  o n l y  a t  h i g h e r  a n o d e  v o l t a g e s  ( 8 0 0 - 1 0 0 0 v ) . 
T h e  c u r v e s  a f t e r  d e c a y  s h o w  t h r e e  s t a g e s  o f  s a t u r a t i o n  
i n  t h e  r e g i o n  o f  3 0 0 - 5 0 0 V ,  6 0 0 - 7 0 C V  a n d  8 0 0 - 1 0 0 0 V .
T h e  s a t u r a t i o n  r e g i o n s  a r e  m o r e  d i s t i n c t  a t  h i g h e r  
t e m p e r a t u r e  ( 1 3 3 0 - 1 3 5 0 ° K )  t h a n  a t  l o w e r  t e m p e r a t u r e s  
( 1 2 5 0 - 1 3 0 0 ° K ) . V e r t i c a l  l i n e s  h a v e  b e e n  d r a w n  b e t w e e n  
t h e  c u r v e s  t o  e m p h a s i z e  c h a n g e s  i n  t h e  s a t u r a t e d  r e g i o n s .  
T h e  s a t u r a t i o n  r e g i o n s  o f  t h e  s o l i d  c u r v e s  a r e  m o r e  
d i s t i n c t  a n d  s t a r t  a t  l o w e r  a n o d e  v o l t a g e s  ( i . e .  a t  3 0 0 V ;  
6 0 0 v  a n d  8 0 0 V )  t h a n  t h o s e  f o r  t h e  d a s h e d  c u r v e s .
I t  c a n  b e  s e e n  t h a t  t h e  m a g n i t u d e  o f  d e c a y  i n  e m i s s i o n  
( ' . : > i )  i s  p r o p o r t i o n a l  t o  t h e  o p e r a t i n g  t e m p e r a t u r e  a n d  
d e c r e a s e s  w i t h  d e c r e a s i n g  t e m p e r a t u r e s .  T h e  © i  a t  a  g i v e n
-  8 3  -
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F ig.18 I V C h a ra c te r is tic s  of fu lly  
s in te red Tungsten -  Palladium .
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Fig.19 I - V  C h a ra c te r is tic s  of fu lly  
s in te red  Tungsten— Nickel.
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Fig.20 I-V C haracteris tics of
Porous (P re s in te re d )  Tungsten1-Palladium
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Fig.21-I-V  C haracteristics of
P o r o u s  ( Pres int ere d ) T u n g s te n - Nickel.
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F ig22 1-V C haracteristics of
Porous (P re s in te re d )  T u n g s te n -C o b a lt
Fig.23.I -V C haracteristics of
Porous ( Presintened ) T un gs ten -C o p p e r
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t e m p e r a t u r e  f o r  d i f f e r e n t  e m i t t e r s  v a r i e s  f r o m  
A i  =  8 5 ?  5 2  a n d  3 5  f o r  P d ,  N i  a n d  O o  r e s p e c t i v e l y .
V . 3 ■ > 2 .  E v a l u a t i o n  o f  t h e  W o r k  F u n c t i o n  ( 0 )  f o r  a l l o y  
E m i t t e r s .
T h e  w o r k  f u n c t i o n s  a t  v a r i o u s  t e m p e r a t u r e s  h a v e  b e e n
e v a l u a t e d  f r o m  t h e  R i c h a r d s o n  e q u a t i o n  ( l )  b y  p u t t i n g
2  2
A  =  1 2 0  a m p s / d e g  c m  u s i n g  S  =  1 f o r  s i n t e r e d  a n d  S  =  1 0  
f o r  p o r o u s  e m i t t e r s ,  ( s e e  T a b l e  X I V i f c T h e r  w o r k  . . ■
f u n c t i o n s  v a l u e s  f o r  W - P d ,  W - N i ,  W ~ C o  a n d  W - C u  a r e  f t . 3 0 ,  
f t . 3 5 ?  fto O O  a n d  f t . 2 5  e v .  r e s p e c t i v e l y .  A l s o  s h o w n  a x ' s  
t h e  v a l u e  o f  R i c h a r d s o n  w o r k  f u n c t i o n  o b t a i n e d  g r a p h i c a l l y  
f r o m  F i g .  2 f t .
9 0  -
■T.-4 B.L.E X IV  T h e  w o r k  f u n c t i o n  v a l u e s  o f  v a r i o u s  a l l o y
e m i t t e r s

V . 3 « 3 -  D e c a y  i n  E m i s s i o n .
T h e  d e c a y  i n  e m i s s i o n  c u r r e n t  o f  t h e  e m i t t e r s  a t  
t h e  h i g h e s t  o p e r a t i n g  t e m p e r a t u r e  1 3 5 0 ° K  a n d  f o r  a n  
a n o d e  v o l t a g e  o f  1 0 0 0 V  h a s  b e e n  f o l l o w e d  f o r  3 i  h o u r s .
T h e  d e c a y  c u r v e s  ( I  v s  t )  o f  p o r o u s  W ~ P d ,  W - N i  a n d  W - C o  
e m i t t e r s  a r e  s h o w n  i n  F i g .  2 5 .  N o  d e c a y  h a s  b e e n  
d e t e c t e d  f o r  s i n t e r e d  W - P d ,  W - N i  a n d  p o r o u s  W - C u  e m i t t e r s .
I n  t h e  b e g i n n i n g  o f  t h e  d e c a y  c u r v e s  t h e  f a l l  i n  
e m i s s i o n  c u r r e n t  i s  r a p i d  w h i l e  a t  t h e  e n d  i t  b e c o m e s  
v e r y  s m a l l .  ( F o r  W - N i  a n d  W - C o  n o  d e c a y  t a k e s  p l a c e  f o r  
t h e  f i r s t  1 0 - 2 0  m i n u t e s ) .  T h e  t o t a l  d e c a y  i  f o r  e a c h  
W - P d ,  W - N i  a n d  W - C u  e m i t t e r  h a s  b e e n  8 5 ,  5 2  a n d  3 5
r e s p e c t i v e l y  w h i c h  a r e  30%, 2 7 % a n d  1 1 %  5 f  t h e  
t o t a l  e m i s s i o n .
D e c a y  i n  e m i s s i o n  a t  3 0 0 ,  I4.OO a n d  5 0 0  v o l t a g e s  h a s  
a l s o  b e e n  r e c o r d e d  f o r  W - P d  a l l o y s .  T h e  c u r v e s  a r e  
s h o w n  i n  F i g . . ^ 6 ,  T h e  d e c a y  i n  e m i s s i o n  w a s  f o u n d  t o  
b e  n e g l i g i b l e .
V .  3 * 3 ® I p  R a t e  e x p o n e n t .
k  p l o t  o f  l o g ^ j t y a g a i n s t  l o g  t  i s  s h o w n  i n  F i g . 2 7 ®
T h e  r a t e  e x p o n e n t  ( a  m e a s u r e  o f  d e c a y  r a t e )  f o r  W - P d  a n d  
W - N i  a n d  W - C o  i s  0 . 5 6 ;  0 . 5 0  a n d  0 . 4 °  r e s p e c t i v e l y .
«  9 2  -
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Fig.25. Decay C haracteris tics o f Emission current.
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Fig.26. Decay C haracte ris tics of 
Emission C urren t, ( VA = 300*400)500 .)
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Vo 3®k° D e n s i t y  M e a s u r e m e n t *
T h e  d e n s i t y  o f  t h e  p o r o u s  e m i t t e r s  a f t e r  d r a w i n g  
e m i s s i o n  f o r  3 k  h o u r s  h a v e  b e e n  d e t e r m i n e d  b y  t h e  
f o l l o w i n g  f o r m u l a  :
D = W x  Hg
_ _ _ _ _  ( 1 6  )
w h e r e  D -  i s  t h e  d e n s i t y  o f  s p e c i m e n  ( e m i t t e r s )
W -  i s  t h e  w e i g h t  o f  t h e  s p e c i m e n  i n  a i r *
-  i s  t h e  w e i g h t  o f  t h e  b a s k e t  i n  m e r c u r y *
Wg -  i s  t h e  c o m b i n e d  w e i g h t  o f  s p e c i m e n  a n d  b a s k e t
i n  m e r c u r y *
BHg -  i s  t h e  d e n s i t y  o f  m e r c u r y *
a n d  s h o w n  i n  T a b l e  XV* No c h a n g e  i n  d e n s i t y  o f  
s i n t e r e d  a l l o y  a n d  p u r e  t u n g s t e n  w a s  o b s e r v e d *
TABLE XV*
D e n s i t i e s  o f  a l l o y s  a f t e r  3 i  h o u r s  e m i s s i o n
E m i t t e r  D e n s i t y  g / c * c
P d  1 1 * 8 0
W -  Ni  1 1 * 6 0
W - CQ 10*65
- 97 -
S t e r e o s c a n  p h o t o g r a p h s  o f  W -P d ,  W-Co a n d  W-Cu 
a r e  s h o w n  i n  F i g s .  2 8 , 2 9 a ,  29 b ,  2 9 c 
F i g .  2 8  s h o w s  W -P d  s i n t e r e d  t o  a  d e n s i t y  o f  1 7 + 9  
g / c c .  ( 90% o f  t u n g s t e n )  f o r  20  h o u r s  i n  h y d r o g e n  
a t m o s p h e r e
The  s u r f a c e  i s  o n l y  s l i g h t l y  r o u g h  a n d  t h e  a p p a r e n t  
s u r f a c e  a r e a  i s  a p p r o x i m a t e l y  e q u i v a l e n t  t o  t h a t  o f  
s o l i d  s u r f a c e .
F i g s .  2 9 a , 2 9 b , 2 9 c ,  a r e  t h e  p h o t o g r a p h s  o f  p o r o u s  
W -P d ,  W -C o ,  W -Cu.  T h e s e  s t r u c t u r e s  a r e  v e r y  p o r o u s  
( D e n s i t y  -  55% o f  t u n g s t e n )  a n d  t h e  g e o m e t r i c a l  s u r f a c e  
a r e a  i s  a t  l e a s t  t h r e e  t o  f o u r  t i m e s  m o r e  t h a n  t h a t  
o f  a  p l a n e  s u r f a c e .
V p 3«5p Surface studies.
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Fig.29. Stereoscan p h o to g ra p h  o f
(a ) P o rous W -P d  a l lo y .
( b )  „ W -C o  „
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v i .  D i s c u s s i o n
T h e r m i o n i c  e m i s s i o n  r e s u l t s  o f  t h e  i n v e s t i g a t e d  a l l o y s  
r e v e a l  t w o  e f f e c t s  -  ( 1 )  a  P o r o s i t y  e f f e c t  a n d  ( 2 )  a  r e d u c t i o n  
i n  w o r k  f u n c t i o n ,
V I .  1 .  P o r o s i t y  E f f e c t
The  e f f e c t  o f  p o r o s i t y  s h o w s  i t s e l f  i n  b o t h  t h e  
n a t u r e  o f  t h e  t h e r m i o n i c  c u r v e s  a n d  i n  d e c a y  c u r v e s ,  t h e  
f o l l o w i n g  r e a s o n i n g  i s  u s e d  t o  i n t e r p r e t  t h e  r e s u l t s *
V I .  1 . 1 .  E m i s s i o n  C h a r a c t e r i s t i c
S i n c e  p o r o u s  e m i t t e r s  a r e  c h a r a c t e r i z e d  b y  a  s u r f a c e
w h i c h  c o n s i s t s  o f  p r o t u b e r a n c e s  a n d  c a v i t i e s  ( F i g  29  ) ,  i t
may  b e  e x p e c t e d  t h a t  t h e  t o t a l  e m i s s i o n  c u r r e n t  w i l l ,  b e  .
h e t e r o g e n o u s  i n  i t s  s t r u c t u r e  b e i n g  c o m p o s e d  o f  e l e c t r o n s
c o m i n g  f r o m  d i f f e r e n t  r e g i o n s  o f  t h e  c a v i t i e s *  A t  l o w  a n o d e
v o l t a g e s  o n l y  t h e  e l e c t r o n s  f r o m  t h e  s u r f a c e  n e a r e s t  t o
a n o d e  w i l l  b e  c o l l e c t e d  s h o w i n g  a  t y p i c a l  s p a c e  c h a r g e
r e g i o n  f o l l o w e d  b y  a  t r e n d  t o w a r d s  s a t u r a t i o n ®  A t  h i g h e r
v o l t a g e s  a d d i t i o n a l  e l e c t r o n s ,  o r i g i n a t i n g  f r o m  d e e p e r
r e g i o n s  o f  t h e  c a v i t i e s  w i l l  b e  a t t r a c t e d *  F i n a l l y ,  t h e
h i g h e s t  a n o d e  v o l t a g e s  w i l l  c o l l e c t  t h e  r e m a i n i n g  e l e c t r o n s
f r o m  t h e  d e e p e s t  r e g i o n  o f  t h e  c a v i t i e s ®  T h i s  m o d e l  a c c o u n t s
f o r  t h e  t h r e e  s t e p p e d  s a t u r a t i o n  r e g i o n s  o f  F i g s  2 0 , 2 1 ,  2 2  
( s o l i d  c u r v e s ) ® -  V o l t a g e s  o f  0 -5 0 Q V  s e e m  t o  c o r r e s p o n d  t o
e m i s s i o n  f r o m  t h e  s u r f a c e  o f  e m i t t e r  n e a r e s t  t o  a n o d e ;
p o t e n t i a l s  o f  6 0 0 - 7 0 0  V c o r r e s p o n d  t o  e m i s s i o n  f r o m  t h e
n e x t  l a y e r  w h i l e  a  p o t e n t i a l  o f  8 0 0 - 1 000V i s  s u f f i c i e n t  t o
p r o d u c e  t h e  f i n a l  e m i s s i o n  s t e p ®
T h e r m i o n i c  c u r v e s  b e f o r e  d e c a y  ( d a s h e d  l i n e )  do n o t
h a v e  s u c h  d i s t i n c t  r e g i o n s  o f  s a t u r a t i o n *  T h i s  c o u l d  b e
d u e  t o  t h e  f a c t  t h a t  i n i t i a l  s u r f a c e  i s  s o  r o u g h  t h a t  a l l
_  9 9  ™
the steps tend to merge*
S i n t e r i n g ,  d u e  t o  t h e  p r e s e n c e  o f  a c t i v a t o r  p r o d u c e s  a  m o r e  
d e f i n i t e  s t r u c t u r e  ( F i g  2 8 )  a n d  h e n c e  d i s t i n c t  r e g i o n s
o f  s a t u r a t i o n s  a p p e a r .  Some r e d i s t r i b u t i o n  o f  t h e  a c t i v a t o r  
c a n  a l s o  b e  c o n s i d e r e d ,  b u t  i s  d i f f i c u l t  t o  e s t i m a t e , ,
T he  s t a r t  o f  s a t u r a t i o n  s t e p s  t a k e  p l a c e  a t  l o w e r  
a n o d e  v o l t a g e s  a f t e r  d e c a y  h a s  t a k e n  p l a c e ,  w h i c h  may b e  
a t t r i b u t e d  t o  s i n t e r i n g .  S i n t e r i n g  o f  d e e p e r  r e g i o n s  w i l l  
s t o p  e m i s s i o n  f r o m  s u c h  r e g i o n s  a n d  h e n c e  a  l o w e r  a n o d e  
v o l t a g e  w i l l  b e  s u f f i c i e n t  t o  s t a r t  t h e  s a t u r a t i o n  o f  
e m i s s i o n  f r o m  t h e s e  r e g i o n s .  ( T h e  p o r t i o n  o f  t h e  c u r v e s  
m a r k e d  b y  v e r t i c d ^  l i n e s ,  d r a w n  b e t w e e n  t h e  c u r v e s ,  
i n d i c a t e  t h e  t r e n d  o f  s a t u r a t i o n  d u e  t o  s i n t e r i n g .
F i g s  2 0 , 2 1 ,  2 2  )
V I . 1 . 2 .  D e c a y  C h a r a c t e r i s t i c s
D i f f e r e n t  p e r c e n t a g e  o f  d e c a y  i n  e m i s s i o n  may 
q u a l i t a t i v e l y  b e  r e l a t e d  w i t h  t h e  a c t i v a t i o n  p o w e r  o f  
a c t i v a t o r  ( T a b l e  X V I ) .
TABT/m XVI P e r c e n t a g e  o f  e m i s s i o n  d e c a y  a n d  a c t i v a t i o n  
p o w e r  o f  a c t i v a t o r s
-  1 0 0  -
A c t i v a t i o n A c t i v a t i o n  % (52) D e c a y  i n  
e m i s s i o n  %
P d
N i
Co
■ . ........I
ft0 . 7  x  1 0 2
35©9 x  1 0 2 
f t . 7 ft x  1 0 2
3 0
2 7
11
S i n c e  P d  a n d  N i  a r e  s t r o n g  a c t i v a t o r s t h e y  c a n  r e s u l t  i n  
a  l a r g e r  d e c r e a s e  i n  e m i s s i o n  d u e  t o  r e d u c t i o n  i n  e m i t t i n g  
s u r f a c e  a r e a  t h a n  Co a n d  G u ,  t h e  a c t i v a t i o n  p o w e r  o f  t h e  
l a t t e r  b e i n g  s m a l l e r *
The  r a t e s  o f  d e c a y  i n  e m i s s i o n  ( F i g  2 7  ) a r e  f o u n d  t o
b e  a p p r o x i m a t e l y  e q u a l  t o  t h e  r a t e  e x p o n e n t  ( s i n t e r i n g  r a t e )  
o f  t h e  a c t i v a t o r s  ( S e e  T a b l e  X V I l ) • The  s i m i l a r i t y  o f  t h e  
r a t e s  j u s t i f y  t h e
r  1 0 1  -
t a b l e  X V I I E m i s s i o n  d e c a y  r a t e a n d  r a t e  e x p o n e n t  o f
. a c t i v a t o r .
A c t i v a t o r R a t e  e x p o n e n t R a t e  o f  d e c a y
( 5 1 , 5 2 )
P d 0 . 5 U 0*5 6
N i 0 . 5 0 0 .5 0
Co 0 . 4 0
a b o v e  a t t e m p t  t o  r e l a t e  t h e  m a g n i t u d e  o f  d e c a y  w i t h  t h e  
a c t i v a t i o n  p o w e r  o f  a c t i v a t o r s *
T h e  m a g n i t u d e  o f  e m i s s i o n  d e c a y  i s  f o u n d  t o  b e  g r e a t e r  
t h a n  t h e  c o r r e s p o n d i n g  c h a n g e  i n  d e n s i t y  d u e  t o  
s i n t e r i n g  ( S e e  T a b l e  X V I I I  ) 0
1 0 2  -
TABLE _ ,} (y i I I  P e r c e n t a g e  o f  d e n s i t i e s  a n d  d e c a y  i n  e m i s s i o n  
o f  v a r i o u s  a l l o y s
T h e  d i f f e r e n c e  may  h e  e x p l a i n e d  o n  t h e  b a s i s  o f  t h e  d i f f e r e n t
s h r i n k a g e  p a r a m e t e r s  u s e d .  I n  e m i s s i o n  i t  i s  t h e
^ e m i t t i n g  s u r f a c e ” , w h i l e  i n  d e n s i t y  i t  i s . t h e  v o l u m e
p a r a m e t e r .  A l i t t l e  c h a n g e  o c c u r i n g  a t  t h e  s u r f a c e
( e . g .  n e c k i n g  o r  c l o s i n g  o f  t h e  o p e n i n g  o f  c a v i t i e s )  may
d e c r e a s e  t h e  e m i s s i o n  a p p r e c i a b l y  w h i l e  t h e  c h a n g e  i n  b u l k
m a t e r i a l  ( v o l u m e )  may n o t  b e  s o  c o r r e s p o n d i n g l y  h i g h ,  
a p p r e c i a b l e
No d e c a y  i n  e m i s s i o n  h a s  b e e n  o b s e r v e d  f o r  p e r i o d s  o f  
3 0  m i n u t e s  a t  l o w e r  a n o d e  v o l t a g e s  ( 3 0 0 , 1 + 0 0 , 5 0 0  V;  F i g  2 6 . )  
S i n t e r i n g  o b v i o u s l y  d o e s  t a k e  p l a c e ,  b u t  o w i n g  t o  t h e  l o w e r  
a p p l i e d  e l e c t r i c a l  f i e l d ,  i t  i s  a s s u m e d  t h a t  e m i s s i o n  c h a n g e s  
o c c u r i n g  i n  t h e  d e e p e r  r e g i o n  o f  t h e  c a v i t y ,  a r e  n o t  
d e t e c t e d .  N e v e r t h e l e s s ,  t h e  e f f e c t  o f  a n  e l e c t r i c a l  f i e l d  
d o e s  n o t  s e e m  t o  h a v e  b e e n  s t u d i e d  s o  t h e  e f f e c t  o f  t h i s  
v a r i a b l e  i s  u n k n o w n .
S o l i d  ( w )  a n d  s i n t e r e d  a l l o y  d o e s  n o t  s h o w  m u l t i p l e  
s a t u r a t i o n  r e g i o n s ,  s i n c e  t h e s e  s p e c i m e n s  h a v e  n e g l i g i b l e  
. p o r o s i t y .  The  a b s e n c e  o f  d e c a y  i n  e m i s s i o n  f r o m  s o l i d  ( W ) , 
s i n t e r e d  a l l o y  e m i t t e r s ,  a n d  P o r o u s  W s u p p o r t  t h e  i d e a  t h a t  
c h a n g e s  o f  p o r o s i t y  ( o w i n g  t o  a c t i v a t o r )  a r e  r e s p o n s i b l e  f o r  
d e c a y .
103 -
V I . 2 . T h e o r i e s  a c c o u n t i n g  f o r  a  r e d u c t i o n  i n  w o r k  f u n c t i o n  
C o v e r e d  s u r f a c e s  g e n e r a l l y  h a v e  t h e i r  w o r k  f u n c t i o n  ( $ )  
r e d u c e d  w h e n  a n  a c t i v a t o r  i s  p r e s e n t  o n  t h e  s u b s t r a t e  s u r f a c e ®  
T h i s  e f f e c t  h a s  b e e n  d i s c u s s e d  i n  t h e  L i t e r a t u r e  S u r v e y  
( S e c .  I I ) ®
A r e d u c t i o n  i n  " 0 "  i n  t h e  c a s e  o f  f i l m  t y p e  e m i t t e r  
( C s , T h , B a )  i s  u s u a l l y  e x p l a i n e d  b y  t h e  L e v i n e ’ s ” d i p o l e  
m o m e n t ” m o d e l  o r  G y f t o p o l o u s ’ ’‘E l e c t r o n e g a t i v i t y ” m o d e l  o f  
t h e r m i o n i c  e m i s s i o n  a s  d e s c r i b e d  i n  S e c . I I ®  A c c o r d i n g  t o  
L e v i n e  t h e  r e d u c t i o n  i n  w o r k  f u n c t i o n  i s  c a u s e d  b y  c h a n g e s  i n  
t h e  d i p o l e  b a r r i e r .  I n  t h e  G y f t o p o u l o s  m o d e l  t h e  r e d u c t i o n  i n  
w o r k  f u n c t i o n ,  i s  a t t r i b u t e d  t o  t h e  c h a n g e s  i n  e l e c t r o n e g a t i v i t y  
p r o d u c e d  b y  t h e  a d s o r b a t e  a tom®
T h e s e  t w o  t h e o r i e s  w e r e  d e v e l o p e d  s p e c i a l l y  f o r  c e s i a t e d  
s u r f a c e s ,  a n d  c a n  b e  a p p l i e d  t o  som e  e x t e n t ,  t o  o t h e r  s y s t e m  
s u c h  a s  t h o r i a t e d  a n d  b a r i a t e d  s u r f a c e s ®  H o w e v e r ,  i t s  
a p p l i c a t i o n  t o  a l l o y  e m i t t e r s  s e e m s  t o  b e  v e r y  d i f f i c u l t  
o w i n g  t o  t h e  d i f f e r e n t  s t r u c t u r e  o f  t h e  a l l o y  s u r f a c e s ®  
I n v e s t i g a t i o n  o f  t h e  t h e r m i o n i c  p a r a m e t e r  o f  a l l o y  
e m i t t e r  i s  s t i l l  i n  i t s  e a r l y  s t a g e s  a n d  h e n c e  n o  s u i t a b l e  
t h e o r y  e x i s t s  i n  t h e  l i t e r a t u r e  w h i c h  c a n  e x p l a i n  t h e  r e s u l t s  
s a t i s f a c t o r i l y ®  G u r o v  ( ) h a s  a t t e m p t e d  t o  f i n d  a  r e l a t i o n
b e t w e e n  t h e  At a n d  t h e  d i f f e r e n c e  o f  i o n i c  c h a r g e s  o f  t h e  
a l l o y  c o m p o n e n t ®
T h e  r e l a t i o n  i s
w h e r e  Zc = i o n i c  c h a r g e
Ep  = F e r m i  L e v e l  e n e r g y
n ^  = d e n s i t y  o f  s t a t e s
o n l y  a  f e w  r e s u l t s  o f  W -  H f  a n d  W -  Ta  a r e  e x p l a i n e d  b y
t h i s  e q u a t i o n .  B u t  w h e n  a p p l i e d  t o  W-Mo o r  W - T i  a l l o y s  i t
-  1 0 ft
c a n n o t  a c c o u n t  f o r  t h e  l a r g e  r e d u c t i o n  i n  w o r k  f u n c t i o n  o f  
t h e s e  a l l o y s • B . C h . D y u b u y a ^ ^ ^ W s  a t t e m p t e d  t o  e x p l a i n  
h i s  r e s u l t s  f i r s t  b y  r e l a t i n g  t h e  w o r k  f u n c t i o n  c h a n g e s  w i t h  
t h e  l a t t i c e  p a r a m e t e r  a n d  t h e n  b y  a s s u m i n g  t h e  a d s o r p t i o n  o f  
t h e  c o m p o n e n t  o f  l o w e r  m e l t i n g  p o i n t  o n  t h e  a l l o y  s u r f a c e .
S u c h  l a t t i c e  p a r a m e t e r  c o n s i d e r a t i o n  c a n n o t  e x p l a i n  
t h e r m i o n i c  r e s u l t s  i n  W-Mo, W - T a ,  W -N b . The  a d s o r p t i o n  
p h e n o m e n a  i t s e l f  c a n n o t  a c c o u n t  f o r  many  o t h e r  r e s u l t s  o f  
d i f f e r e n t  a l l o y  s y s t e m .  S p e c i a l l y  w h e n  t h e  c o n c e n t r a t i o n  o f  
t h e  a l l o y  c o m p o n e n t  c h a n g e s .
O w ing  t o  t h e  l a c k  o f  i n f o r m a t i o n  a v a i l a b l e  o n  a l l o y  
e m i t t e r s ,  n o  c u r r e n t  t h e o r y  c a n  b e  t h o u g h t  o f  a s  s a t i s f a c t o r y  
a n d  c o m p l e t e , M o s t  a t t e m p t s  t o  e x p l a i n  t h e  r e s u l t s  a r e  v e r y  
p r i m i t i v e  a n d  a r e  o n l y  v a l i d  f o r  a  g i v e n  a l l o y  s y s t e m  u n d e r  a  
g i v e n  e n v i r o n m e n t .
V I . 3® New H y p o t h e s i s
An  a l t e r n a t i v e  a p p r o a c h  h a s  b e e n  i n t r o d u c e d  i n  S e c . I I .
T h i s  a p p r o a c h  c o n s i s t s  o f  a n  e m p i r i c a l  c o r r e l a t i o n  o f  p r o p e r t i e s  
o f  m a t t e r  w i t h  e l e c t r o n  i n  t h e  o u t e r m o s t  s h e l l  a n d  a n  a t t e m p t  
i s  m ade  h e r e  t o  e x t e n d  t h i s  t o  t h e  f i e l d  o f  t h e r m i o n i c  
e m i s s i o n .
V I . 3 . 1 .  The  r e l a t i o n  b e t w e e n  t h e r m i o n i c  e m i s s i o n  a n d  
l o c a l i s e d  e l e c t r o n  c o n f i g u r a t i o n s
T he  d e l o c a l i s e d  e l e c t r o n s  a r e  l a r g e l y  r e s p o n s i b l e  f o r  t h e  
t h e r m i o n i c  e m i s s i o n  a n d  t h u s  t h e i r  e n e r g y  a n d  c o n c e n t r a t i o n  
d e t e r m i n e  t h e  w o r k  f u n c t i o n .
T he  u n d e r l y i n g  i d e a  b e h i n d  t h i s  a p p r o a c h  i s  t o  c o r r e l a t e  
t h e  e n e r g y  a n d  c o n c e n t r a t i o n  o f  t h e  d e l o c a l i s e d  e l e c t r o n s  
w i t h  t h e  n u m b e r  o f  e l e c t r o n s  i n  t h e  o u t e r m o s t  a t o m i c  s h e l l .
T h e  f o l l o w i n g  a s s u m p t i o n s  a r e  m ade  f o r  t h e  d e v e l o p m e n t  o f  
t h i s  c o r r e l a t i o n .
(1 ) I t  i s  a s s u m e d  t h a t  t h e  e n e r g y  a n d  c o n c e n t r a t i o n  o f  
d e l o c a i i s e d  e l e c t r o n s  a r e  p r o p o r t i o n a l  t o  t h e  e n e r g y  a n d  
s t a t i s t i c a l  c o n c e n t r a t i o n  o f  t h e  l o c a l i s e d  e l e c t r o n s  i n  
s t a b l e  c o n f i g u r a t i o n s .
( 2 ) S i n c e  t h e r e  a r e  k n o w n  c o r r e l a t i o n s  b e t w e e n  t h e  e n e r g y  
a n d  s t a t i s t i c a l  w e i g h t  o f  s t a b l e  c o n f i g u r a t i o n  ( i n  t e r m s  
o f  o t h e r  p r o p e r t i e s  o f  m a t t e r ) ,  a n d  t h e  n u m b e r  o f  e l e c t r o n s  
i n  t h e  o u t e r m o s t  s h e l l ,  ( S e c , I I )  a  s i m i l a r  c o r r e l a t i o n  c a n  
b e  t h o u g h t  o f  f o r  t h e r m i o n i c  p r o p e r t i e s ,
( 3 ) I n  o r d e r  t o  q u a n t i j p i ^ #  t h e  e l e c t r o n i c  c o n f i g u r a t i o n ,  
t h e  s p e c t r o s c o p i c a l l y  d e t e r m i n e d  p r o m o t i o n  e n e r g i e s  h a v e  b e e n  
u s e d  i n  t h e  s a m e  w a y  a s  u t i l i s e d  b y  B r e w e r  ( S e c t i o n  I I )
( 4 ) I I  i s  a s s u m e d  t h a t  t h e  c h a n g e s  i n  w o r k  f u n c t i o n  o f  
c o v e r e d  s u r f a c e s  d e p e n d s  u p o n  t h e  e l e c t r o n i c  c o n f i g u r a t i o n  
( a n d  h e n c e  p r o m o t i o n  e n e r g i e s )  o f  t h e  a d s o r b a t e  a s  w e l l  a s  o f  
s u b s t r a t e  a t o m s .
V a r i o u s  e x a m p l e s  o f  t h i s  c o r r e l a t i o n  a r e  s h o w n  i n  
F i g  30  ( F i g s  A 1 , A 2 , A 3  A p p e n d i x ) F i g , 3 0  i s  a  t y p i c a l
e x a m p l e  o f  t h e  t y p e  o f  c o r r e l a t i o n  t h a t  h a s  b e e n  o b t a i n e d .
I t  c a n  b e  s e e n  t h a t  t h e  w o r k  f u n c t i o n  i n c r e a s e s  w i t h  t h e  
n u m b e r  o f  e l e c t r o n s  ( n )  i n  ” d ” s h e l l .  An i n c r e a s e  o f  " n ” 
i n c r e a s e s  t h e  s t a t i s t i c a l  w e i g h t  o f  s t a b l e  c o n f i g u r a t i o n  o f  
" l o c a l i s e d  e l e c t r o n s ” ( s e e  S e c .  1 1 . 5 * 3 . ) *  c o n s e q u e n t l y  
r e d u c i n g  t h e  c o n c e n t r a t i o n  o f  d e l o c a l i s e d  e l e c t r o n s ,  w h i c h  
r e s u l t s  i n  h i g h e r  v a l u e s  o f  w o r k  f u n c t i o n .
The  v a l u e s  o f  t h e  w o r k  f u n c t i o n  o f  t h e  t r a n s i t i o n  
e l e m e n t s  o f  3 n d  a n d  5 t h  g r o u p  a r e  i n  a g r e e m e n t  w i t h  t h i s  
s c h e m e .  T h e  c o r r e s p o n d i n g  w o r k  f u n c t i o n  v a l u e s  o f  5 t h  g r o u p  
a r e  h i g h e r  o w i n g  t o  h i g h e r  p r i n c i p l e  q u a n t u m  n u m b e r  w h i c h  
r e s u l t  i n  m o r e  s t a b l e  c o n f i g u r a t i o n s .  ( S e c . 1 1 . 5 . 3 « )
-  1 0 5  -
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Fig.30. The Variation o f Work function w ith  
number o f e lectrons in the o u te rm o s t d shell
5  6E l e m e n t s  w i t h  d  a n d  d  c o n f i g u r a t i o n s  (Mn,  F e  a n d  R e ,
O s )  h a v e  s i m i l a r  v a l u e s  o f  w o r k  f u n c t i o n s  b e c a u s e  t h e s e
h a v e  a p p r o x i m a t e l y  t h e  e q u a l  s t a t i s t i c a l  w e i g h t s  o f  t h e s e
t w o  s t a b l e  c o n f i g u r a t i o n s .  ( 6 4  ) b TJle ^ o w e r  v a i u e  f o r
C o b a l t  ( d  ) may  b e  e x p l a i n e d  b y  a s s u m i n g  t h a t  d u r i n g  t h e
5 1 0i n t e r c h a n g e  b e t w e e n  d  a n d  d  s t a b l e  c o n f i g u r a t i o n s ,  s o m e  
e l e c t r o n s  m ay  b e  t e m p o r a r i l y  f r e e .  A l t e r n a t i v e l y  t h e
5
t e n d e n c y  t o  f o r m  d  may  b e  h i g h e r ,  t h u s  l e a v i n g  a  l a r g e r
n u m b e r  o f  e l e c t r o n s  a s  n o n l o c a l i s e d  w h i c h  w o u l d  g i v e  a
l o w e r  w o r k  f u n c t i o n .
T h e  q u a n t i z a t i o n  s c h e m e  o f  a s s o c i a t i n g  P r o m o t i o n
e n e r g i e s  t o  d n  c o n f i g u r a t i o n s  i s  s h o w n  i n  F i g  31 .
n _2T he  P r o m o t i o n  e n e r g y *  o f  d  s p  s t a t e  o f  a t o m s  i n c r e a s e s
w i t h  t h e  n u m b e r  o f  e l e c t r o n s  i n  t h e  o u t e r  s h e l l  o f  a t o m .
I t  a l s o  i n c r e a s e s  w i t h  t h e  p r i n c i p a l  q u a n t u m  n u m b e r .
( i . e .  t h e  P r o m o t i o n  e n e r g y  o f  5 t h  g r o u p  i s  g r e a t e r  t h a n
t h o s e  o f  3 r d  g r o u p ) .
S i n c e  t h e  e m p i r i c a l : c o r r e l a t i o n  d e v e l o p e d  h e r e  b e t w e e n  
n<f> a n d  d  , h a s  a  s i m i l a r  t r e n d  t o  t h e v a r i a t i o n  o f  p r o m o t i o n  
n
e n e r g i e s  a n d  d  ? t h i s  p r o v i d e s  f u r t h e r  j u s t i f i c a t i o n  f o r  
u s i n g  p r o m o t i o n  e n e r g i e s  a s  a  s u i t a b l e  p a r a m e t e r  f o r  
e l e c t r o n  c o n f i g u r a t i o n .
T he  v a r i a t i o n  o f  w o r k  f u n c t i o n  a g a i n s t  P r o m o t i o n  
e n e r g y  i s  p l o t t e d  i n  F i g  3 2 ,  I t  c a n  b e  s e e n  t h a t  t h e  
w o r k  f u n c t i o n  i n c r e a s e s  w i t h  i n c r e a s e  i n  p r o m o t i o n  e n e r g y ,
* The  p r o m o t i o n  e n e r g i e s  u s e d  h e r e  a r e  t h e  e n e r g i e s  t o  
p r o m o t e  t h e  d n  s t a t e  t o  d 11 2  s p . The  m in im u m  v a l u e s  a r e  
u s e d  a s  e l e c t r o n  e m i s s i o n  c a n  t a k e  p l a c e  w i t h  t h e  m in im u m  
e n e r g y  t o  p e r t u r b  t h e m .
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s ta te  w ith  nu m be r of d e lectrons in dn sn 
s ta te
W
or
k 
fu
nc
tio
n 
(e
v)
-109-
Rg.32- The Variation of Work function 
w ith  Promotion Energy
-  1 1 0
I t  i s  a s s u m e d  t h a t  c h a n g e s  i n  w o r k  f u n c t i o n  o f  
a d s o r b a t e  -  s u b s t r a t e  s y s t e m s  o c c u r  d u e  t o  p e r t u r b a t i o n  
o f  e l e c t r o n i c  c o n f i g u r a t i o n  o f  t h e  s y s t e m .  I t  may  b e  
a s s u m e d  t h a t  t h e  t e n d e n c y  o f  e i t h e r  k i n d  o f  a t o m  i s  s u c h  
a s  t o  i n c r e a s e  i t s  own s t a t i s t i c a l  w e i g h t  o f  l o c a l i s e d  
e l e c t r o n s ,  b y  a t t r a c t i n g  e l e c t r o n s  f r o m  t h e  o t h e r  k i n d  o f  
a t o m .  T h i s  p r o c e s s  r e s u l t s  a l s o  i n  a  c o l l e c t i v i z e d  s t a t e  
o f  d e l o c a l i z e d  e l e c t r o n s ,  t h e  p o p u l a t i o n  a n d  e n e r g y  o f  
w h i c h  d e t e r m i n e s  t h e  m a g n i t u d e  o f  w o r k  f u n c t i o n  c h a n g e s .
T h e  m a g n i t u d e  o f  t h e  p e r t u r b a t i o n  w i l l  t h e r e f o r e  
d e p e n d  u p o n  t h e  r e l a t i v e  p e r t u r b i n g  p o w e r  o f  s u b s t r a t e  
a n d  a d s o r b a t e ,  w h i c h  i s  d e t e r m i n e d  b y  t h e  p r i n c i p a l  
q u a n t u m  n u m b e r  (N )  a n d  n u m b e r  o f  e l e c t r o n s  ( n )  i n  
o u t e r s h e 1 1 oi f  t h e  d i f f e r e n c e  b e t w e e n  t h e  p e r t u r b i n g  p o w e r  
i s  s m a l l ,  t h e  w o r k  f u n c t i o n  c h a n g e s  w i l l  b e  low. .  . H o w e v e r  
t h e  c o m b i n a t i o n  o f  s t r o n g  a n d  w e a k  p e r t u r b i n g  p o w e r  w i l l  
p r o d u c e  l a r g e  w o r k  f u n c t i o n  c h a n g e s  o w i n g  t o  t h e  h i g h  
p r o b a b i l i t y  o f  p e r t u r b a t i o n .
a )  Due  t o  A d s o r b a t e  F i g  3 3 a  ( F i g  A 4 s A 6 ,  A p p e n d i x )  i l l u s t r a t e
nt h e  w o r k  f u n c t i o n ' c h a n g e s  w i t h  d  f o r  t h e  v a r i o u s  a d s o r b a t e .  
T h e  w o r k  f u n c t i o n  c h a n g e  d e c r e a s e s  w i t h  i n c r e a s i n g ,  "rr1?» w h i c h  
i s  c o n s i s t a n t  w i t h  t h i s  m o d e l .
b )  Due  t o  S u b s t r a t e
The  w o r k  f u n c t i o n  c h a n g e s  f o r  v a r i o u s  s u b s t r a t e  
c o v e r e d  w i t h  t h e  s a m e  a d s o r b a t e  a r e  s h o w n  i n  F i g  33  b  
( F i g  A6 A p p e n d i x )
S t r o n g  p e r t u r b e r  ( l a r g e  n  v a l u e s )  p r o d u c e s  h i g h  w o r k  
f u n c t i o n  c h a n g e s .
V I ,3,2.Work function changes of adsorbate - substrate system
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(a )  (b)
Fig 33 V a ria tio n  in A 0  w ith  num ber o f e lectrons in the 
d ~  shell of (a) adsorba te  (b ) su b s tra te
Kcal/mole —♦
Fig 34  V aria tion  o f as a function  o f P ro m o tio n  energy  
at d e le c tro n ic  con figu ra tion .
-  1 1 2  ~
V I . 3 . 3 .  W ork  f u n c t i o n  c h a n g e s  a n d  P r o m o t i o n  e n e r g i e s .
S i n c e  P r o m o t i o n  e n e r g i e s  a r e  a s s o c i a t e d  w i t h  t h e  
n u m b e r  o f  e l e c t r o n s  i n  o u t e r s h e l l ,  a  c o r r e l a t i o n  c a n  a l s o  
b e  s o u g h t  b e t w e e n  Ap a n d  P r o m o t i o n  e n e r g i e s  a n d  i s  
s h o w n  i n  P i g  3 4  ( F i g  A 5 ?A7 A p p e n d i x )  C o r r e l a t i o n  o f  
h i g h  v a l u e s  o f  Ap a r e  a s s o c i a t e d  w i t h  l o w  P r o m o t i o n  
e n e r g i e s  a n d  t h e y  s u p p o r t  t h e  a s s u m p t i o n  t h a t  s m a l l e r  n  
v a l u e s  ( d n ) a r e  m o r e  p e r t u r b a b l e  ( S e c  ¥ 1 . 3 * 2 . )
V I . 3 . 4 .  E x p l a n a t i o n  o f  w o r k ,  f u n c t i o n  c h a n g e s  i n  t h e  a l l o y s
u n d e r  i n v e s t i g a t i o n  u s i n g  t h e  n e w  c o r r e l a t i o n
The  c h a n g e s  i n  w o r k  f u n c t i o n  o f  t h e  a l l o y s  i n v e s t i g a t e d
i n  t h i s  r e s e a r c h  c a n  b e  s a t i s f a c t o r i l y  e x p l a i n e d  w i t h  t h i s
m o d e l  *
T u n g s t e n ( 5 d ^ )  i s  s t r o n g  p e r t u r b e r  o w i n g  t o  i t s  h i g h
p r i n c i p a l  q u a n t u m  n u m b e r  ( n )  a n d  n  = 4 ? w h i c h  g i v e s  t h e
h i g h e s t  p e r c e n t a g e  ( 9 4 %) ( ^ 3  ) 0f s t a t i s t i c a l  w e i g h t  o f  t h e
m o s t  e n e r g e t i c  l o c a l i s e d  e l e c t r o n  c o n f i g u r a t i o n  ( d ^ ) .
T he  a d d i t i v e s ,  C o , N i ,  Cu a n d  P d  ( 3 d 7 , 3 d 8 , 3 d 1 0 , 4 d i 0 )
h a v e  a  t e n d e n c y  t o  i n c r e a s e  t h e  s t a t i s t i c a l  w e i g h t  o f  d  
10a n d / o r  d  c o n f i g u r a t i o n s .  The  r e l a t i v e  p r o p o r t i o n  o f  t h e s e  
t w o  c o n f i g u r a t i o n s  d e t e r m i n e  t h e  r e m a i n i n g  d e l o c a l i z e d  
e l e c t r o n s ,
C o b a l t  ( 3 d  ) s e e m s  t o  h a v e  h i g h e r  s t a t i s t i c a l  w e i g h t
C  - j  Q
o f  d  t h a n  t h a t  o f  d  ( o w i n g  t o  n  = 7 ) t h e r e m a i n i n g
1 0e l e c t r o n s  e i t h e r  f o r m  d  c o n f i g u r a t i o n  o r  r e m a i n  
u n l o c a l i s e d .
N i c k e l  ( 3 d ^ )  h a s  a  h i g h  r a t i o  o f  a n d  d ^ °
c o n f i g u r a t i o n  d u e  t o  h i g h e r  n  v a l u e s  ( = 8 ) ,
h e n c e  l e s s  n u m b e r  o f  d e l o c a l i s e d  e l e c t r o n s  a r e  a v a i l a b l e
f o r  e m i s s i o n o
C o p p e r  ( 3 d ^ ° k s ^ )  a n d  P a l l a d i u m  ( k d ^ ° 5 s ° )  h a v e  t h e
10
h i g h e s t  p e r c e n t a g e  (98%) o f  d  c o n f i g u r a t i o n  ( f o l l o w e d  b y
a n  u n f i l l e d  s  c o n f i g u r a t i o n ) .
T u n g s t e n ,  b e i n g  a  s t r o n g e r  p e r t u r b e r ,  w i l l  a t t r a c t  t h e
e l e c t r o n s  f r o m  t h e  a d d i t i v e s  t o  i n c r e a s e  i t s  (w )  s t a t i s t i c a l
w e i g h t  o f  d  c o n f i g u r a t i o n ,  w h i l e  t h e  a d d i t i v e s  w i l l  t r y  t o
*5 in
i n c r e a s e  t h e i r  s t a t i s t i c a l  w e i g h t  o f  d  a n d  d  c o n f i g u r a t i o n s .
T h e  h i g h  w o r k  f u n c t i o n  c h a n g e s  ( i . e .  O . k  e v ) ,  i n  W-CO
e m i t t e r s  i s  e x p l a i n a b l e  b e c a u s e  C o b a l t  ( d ^ )  i s  e a s y  t o  b e
p e r t u r b e d .  I n  t h e  c a s e  o f  W~Ni e m i t t e r s  t h e  A 0  i s  s m a l l e r
( 0 , 2 e v )  t h a n  f o r  W-Co c o n s i s t e n t  w i t h  t h e  f a c t  t h a t  N i c k e l
h a s  8 e l e c t r o n s  i n  d  s h e l l ,  a n d  h e n c e  h a s  a  h i g h e r  t e n d e n c y
1 0t o  f o r m  i t s  own d  c o n f i g u r a t i o n .  I n  t h e  c a s e  o f  t h e  
. 1 0 1  , ,1 0  o
d  s  a n d  d  s  c o n f i g u r a t i o n s  o f  Cu a n d  P d ,  t h e  t e n d e n c y  
e x i s t s  t h a t  som e  o f  t h e  d 1 0  c o n f i g u r a t i o n  may  b e  d e s t r o y e d  
b y  t h e  s t r o n g  a t t r a c t i o n  f r o m  Tu n g s t e n  ( T h e  u n f i l l e d  s  
c o n f i g u r a t i o n ,  o w i n g  t o  t h e i r  t e n d e n c y  t o  f o r m  t h e  s 2 
c o n f i g u r a t i o n  m ay  a l s o  d i s t u r b  t h e  d 1 0  c o n f i g u r a t i o n ) ,  w h i c h  
w i l l  r e s u l t  i n  g r e a t e r  n u m b e r  o f  c o l l e c t i v i z e d  e l e c t r o n s *
T h i s  a c c o u n t  f o r  t h e  h i g h e r  w o r k  f u n c t i o n  c h a n g e s  
(&</) = 0 , 2 3  0 ,3 0  e v )  i n  t h e s e  a l l o y s  t h a n  i n  W-Ni
( A 0 -  0 ,2 0  e v ) .
P i g  35  i l l u s t r a t e s  t h e  w o r k  f u n c t i o n  c h a n g e s  a n d  t h e
e l e c t r o n  c o n f i g u r a t i o n  o f  t h e  a l l o y s  u n d e r  i n v e s t i g a t i o n ,
Cu a n d  P d  h a s  b e e n  p l a c e d  b e f o r e  N i ,  b e c a u s e  o f  t h e i r  
1 ol e s s  s t a b l e  d  c o n f i g u r a t i o n  f o l l o w e d  b y  u n f i l l e d  s  
c o n f  i  g u r a t  i o n ,
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I n  F i g  3 6 A t i s  p l o t t e d  a g a i n s t  t h e  a p p r o p r i a t e  P r o m o t i o n  
e n e r g i e s *  The  s a m e  t r e n d  i s  o b s e r v e d  w i t h  t h e  e x c e p t i o n  o f  
n i c k e l *  The  a n o m & l o u s  b e h a v i o u r  o f  N i ,  w i t h  r e s p e c t  t o  i t s  
r e d u c t i o n  o f  t h e  w o r k  f u n c t i o n ,  h a s  a l s o  b e e n  r e p o r t e d  f o r  
c e s i a t e d  N i c k e l ^  A l t e r n a t i v e l y ,  i t  may b e  a s s u m e d  t h a t
A 0  f o r  W-Ni a r i s e s  p r e d o m i n a n t l y  f r o m  t h e  n u m b e r  o f  t h e  
c o l l e c t i v i z e d  e l e c t r o n s  r a t h e r  t h a n  f r o m  t h e i r  e n e r g y *
T he  w o r k  f u n c t i o n  c h a n g e s  o f  t h e  p r e s e n t  a l l o y s  a r e  
p l o t t e d  a l o n g  w i t h  t h e  A <f> o f  o t h e r  a l l o y s  ( i . e .  L a , T h , U , T i ,  
H f )  r e p o r t e d  I n  t h e  l i t e r a t u r e ,  i n  F i g  3 7 ® ( ^ h e  o r d e r  o f  t h e  
m e t a l s  a r e  c h o s e n - W i t h  t h e .  c o n s i d e r a t i o n  o f  N a n d ' n )  L a ( 5 d ^ ) ,  
T h ( 6 d 2 ) ,  U ( 6 d ^ )  a n d  T. i (3 ,d2 y i e l d  h i g h e r  4 0 b e c a u s e  o f  t h e  
l o w e r  n u m b e r  o f  e l e c t r o n s  i n  d  s h e l l *  I t  c a n  b e  s e e n  t h a t  
t h e  g e n e r a l  t r e n d  a n d  m a g n i t u d e  o f  At a r e  e x p l a i n a b l e  o n  t h e  
b a s i s  o f  t h e  p r o p o s e d  e l e c t r o n i c  c o n f i g u r a t i o n  c o r r e l a t i o n ®  
I n  F i g  38 t h e  v a r i a t i o n  i n  w o r k  f u n c t i o n  c h a n g e s  w i t h  
P r o m o t i o n  e n e r g i e s  a s s o c i a t e d  t o  t h e  e l e c t r o n i c  c o n f i g u r a t i o n  
o f  C u ,  C o ,  P d  a n d  N i  a t o m s  ( P r e s e n t  w o r k )  a r e  c o m p a r e d  w i t h  
t h o s e  o f  L a ,  T h ,  U,  T i ,  a n d  Hf® The  c u r v e  s h o w s  t h e  g e n e r a l  
t r e n d  o f  v a r i a t i o n  i n  At  w i t h  P r o m o t i o n  e n e r g i e s ®
V a r i a t i o n  i n  w o r k  f u n c t i o n  c h a n g e s  f o r  L a ,  T h ,  U,  T i  a r e  
h i g h e r  b e c a u s e  o f  t h e  l o w e r  v a l u e s  o f  p r o m o t i o n  e n e r g i e s ,  
a s s o c i a t e d  t o  l o w e r  n u m b e r  o f  e l e c t r o n  i n  d  s h e l l ,  t h a n  
t h o s e  o f  p r e s e n t  a l l o y s ®  T h u s  t h e  w o r k  f u n c t i o n  c h a n g e s  
a r e  e x p l a i n a b l e  w i t h  t h e  n u m b e r  o f  e l e c t r o n s  i n  t h e  o u t e r  
s h e l l  a s  w e l l  a s  w i t h  t h e  P r o m o t i o n  e n e r g i e s  a s s o c i a t e d  t o  
them®
- 1 1 6 -
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( i )  A l l o y  e m i t t e r s  p r e p a r e d  b y  a c t i v a t i o n  s i n t e r i n g  s h o w  
a  r e d u c t i o n  i n  w o r k  f u n c t i o n  o f  0 . 2 5  e v  ( P d ~ W ) j
0 * 2 0  e v  ( N i - W ) ;  0 * k 0  e v  (Co-W) a n d  0 * 3 0  e v  (Cu-W) i n  t h e  
t e m p e r a t u r e  r e g i o n  o f  1 1 7 5 ~ 1 3 5 0 QK .
( i i )  T h i s  r e d u c t i o n  c a n  b e  c o r r e l a t e d  w i t h  p e r t u r b a t i o n  
o f  d  s h e l l s  b e t w e e n  a t o m s  o n  t h e  e m i t t i n g  s u r f a c e .
( i i i )  P o r o s i t y  i n c r e a s e s  t h e  e m i s s i o n  a n d  p r o d u c e s  s t e p p e d  
e m i s s i o n  c u r v e s *
( i v )  T h i s  e f f e c t  c a n  b e  r e l a t e d  t o  m u l t i p l e  e m i s s i o n  
s i t e s  w h i c h  a r e  v a r i o u s l y  a f f e c t e d  b y  s u b s e q u e n t  s i n t e r i n g *
( v )  P r o p o s e d  d  a n d  s  p e r t u r b a t i o n  c o r r e l a t i o n s  a r e  c o n ­
s i s t e n t  w i t h  m o s t  o f  t h e  r e s u l t s  a v a i l a b l e  i n  t h e  l i t e r a t u r e  
f o r  b a r e  a n d  c o v e r e d  s u r f a c e s  a s  w e l l  a s  t h e  r e s u l t s  o f  
p r e s e n t  w o r k , a n d  i t  m a y  b e  p o s s i b l e  t o  p r e d i c t  t h e  b e h a v ­
i o u r  o f  o t h e r  e m i t t e r s  y e t  t o  b e  d e v e l o p e d .
VII* GENERAL CONCLUSIONS *
VIII. FURTHER WORK. “ W  -
The present work can he extended in the following directions
w i l l  n o t  f u r t h e r  d e c r e a s e  t h e  w o r k  f u n c t i o n ,  "but i n s t e a d  
w i l l  i n c r e a s e  o w i n g  t o  e m i s s i o n  p r e d o m i n a n t l y  f r o m  t h e  
t h i c k e r  l a y e r s  o f  a d s o r b a t e s .  T h i s  s h o u l d  b e  c h e c k e d  b y  
a  s t u d y  o f  e m i t t e r s  w i t h  c o n t r o l l e d  a d d i t i o n  o f  a  g i v e n  
a l l o y i n g  e l e m e n t .
( 2 )  A d d i t i v e s  s u c h  a s  F e , R u ,  Rh  w o u l d  f i l l  g a p s  i n  o u r  
p r e s e n t  k n o w l e d g e  o f  a l l o y  e m i t t e r s ,
( 3 )  R e p l a c e m e n t  o f  b a s e  m a t e r i a l  b y  m a t e r i a l s  s u c h  a s  
Mo, Ta  e t c . ,  w o u l d  y i e l d  f u r t h e r  c h a n g e s  i n  w o r k  f u n c t i o n  
a n d  w h i c h  c o u l d  b e  c h e c k e d  w i t h  t h e  p r o p o s e d  c o r r e l a t i o n ,
( f t )  T e r n a r y  a l l o y ®  e m i t t e r s  c o u l d  b e  d e v e l o p e d  f o r  
f u r t h e r  c h a n g e s  i n  " 0 ” d u e  t o  p e r t u r b a t i o n  a m o n g  t h e  
e l e c t r o n s  o f  o u t e r  s h e l l s .  T h i s  w o u l d  a l s o  p r o v i d e  
a d d i t i o n a l  i n f o r m a t i o n  f o r  t h e  p r o p o s e d  c o r r e l a t i o n .
( 5 )  A m o r e  s y s t e m a t i c  s t u d y  o f  e f f e c t  o f  p o r o s i t y  o n  
t h e  e m i s s i o n .
( 6 )  A m o r e  d e t a i l e d  s t u d y  o f  t h e  e f f e c t  o f  d i f f e r e n t  
p o w d e r  s i z e  a n d  m i c r o s t r u c t u r e .
( 7 )  The  e f f e c t  o f  d i f f e r e n t  t e c h n i q u e s  o f  p r e p a r a t i o n  
( s t r a i g h t  a l l o y i n g ;  p r e s s i n g  o f  p o w d e r s  e t c . , )  c a n  b e  u s e d  
f o r  t h e  e m i s s i o n  p r o p e r t i e s  o f  t h e  a l l o y  u s e d  i n  t h e  
p r e s e n t  s t u d y .
( 1 )  I t  m a y  b e  e x p e c t e d  t h a t  h i g h e r
-  1 2 0  -
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F u r t h e r  a p p l i c a t i o n s  o f  t h e  s ~ p ~ d  c o r r e l a t i o n s  d i s c u s s e d  
i n  s e c t i o n  V I  a r e  i l l u s t r a t e d  i n  F i g s  A1 , A 2 , A 3 , A 4 ? A 5 , A 6 , A 7
I n  F i g s  A l ( a , b )  t h e  w o r k  f u n c t i o n  i s  p l o t t e d  a g a i n s t  
t h e  n u m b e r  o f  e l e c t r o n s  i n  s  a n d  s p  s h e l l  a n d  t h e i r  
p r i n c i p a l  q u a n t u m  n u m b e r  N e ( T h e  p r i n c i p a l  q u a n t u m  n u m b e r  
r e f l e c t s  t h e  s t r e n g t h  o f  t h e  e l e c t r o n  c o n f i g u r a t i o n ;  f o r  
s  a n d  s p  e l e m e n t s  t h e  e n e r g y  o f  t h e  c o n f i g u r a t i o n  d e c r e a s e s  
w i t h  t h e  i n c r e a s e  o f  N* ( S e e  S e c t i o n  I I . 5 ° 3 e ) ) .  I t  c a n  b e  s e e n  
t h a t :
( i )  T h e  w o r k  f u n c t i o n  i n c r e a s e s  w i t h  t h e  i n c r e a s e  o f  
t h e  n u m b e r  o f  e l e c t r o n s  i n  t h e  s  o r  s p  s h e l l ,  w h i c h  c o n f i r m s  
t h e  a s s u m p t i o n  m a d e  i n  s e c t i o n  VI . 3 .  T h i s  i s  c o n s i s t e n t  w i t h  
t h e  f a c t  t h a t  a n  i n c r e a s e  i n  t h e  n u m b e r  o f  s  a n d  s p  e l e c t r o n s ,
i n c r e a s e s  t h e  s t a t i s t i c a l  w e i g h t  o f  t h e  e n e r g e t i c  s t a b l e
2 0 2  3 2 6
c o n f i g u r a t i o n  (s  , s  " p  , s p  a n d  s ' p  ) o f  l o c a l i s e d  e l e c t r o n s ,
a n d  d e c r e a s e s  t h e  c o n c e n t r a t i o n  o f  d e l o c a l i s e d  e l e c t r o n s ,
t h u s  r e s u l t i n g  i n  h i g h e r  w o r k  f u n c t i o n  v a l u e s *
( i i )  T h e  w o r k  f u n c t i o n  i n c r e a s e s  w i t h  t h e  d e c r e a s e  o f  
p r i n c i p a l  q u a n t u m  n u m b e r ,  s i n c e  t h e  e n e r g y  s  a n d  s p  e l e c t r o n i c  
c o n f i g u r a t i o n s  i n c r e a s e s  w i t h  d e c r e a s e  o f  N
T h e  p r o m o t i o n  e n e r g i e s  ( a s  u s e d  i n  * d* t y p e  
c o n f i g u r a t i o n ;  s e c t i o n  V I ; 3 . 3 . ) . ?of  n o s t  o f  t h e  s  a n d  s p  
e l e m e n t s  d o  n o t  s e e m  t o  b e  a v a i l a b l e  ( e x c e p t  f o r  B a ,  S r ,  Ca 
a n d  M g ) ,  t h e r e f o r e  t h e  c o r r e s p o n d i n g  B i n d i n g  e n e r g i e s  w h e r e v e r  
a v a i l a b l e  h a v e  b e e n  u s e d *  T h e  B i n d i n g  e n e r g y  i s  r e l a t e d  t o  
t h e  P r o m o t i o n  e n e r g y  t h r o u g h  t h e  h e a t  o f  a t o m i z a t i o n  a s  
f o l l o w s  ( ^  ) :
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B i n d i n g  e n e r g y  = P r o m o t i o n  e n e r g y  + H e a t  o f  a t o m i z a t i o n
( 1 8 )
T h e  e l e c t r o n i c  c o n f i g u r a t i o n  o f  t h e  r e m a i n i n g  e l e m e n t s  
( B e ,  L i ,  S i ,  A l , G a , S b , G e ,  S n ,  P h ,  A s ,  B i )  h a s  b e e n  l e f t  
u n q u a n t i t i z e d  o w i n g  t o  t h e  l a c k  o f  n e c e s s a r y  d a t a .
P i g  A 2 ( a )  i s  a  p l o t  o f  w o r k  f u n c t i o n  a n d  P r o m o t i o n  e n e r g i e s  
o f  t h e  e l e c t r o n i c  c o n f i g u r a t i o n ,  w h i l e  P i g  A 2 ( b )  r e l a t e s  t h e  
w o r k  f u n c t i o n  w i t h  t h e  b i n d i n g  e n e r g i e s  o f  t h e  c o n f i g u r a t i o n .  
I t  c a n  b e  s e e n  t h a t  w o r k  f u n c t i o n  i n c r e a s e s  w i t h  b o t h  i n c r e a s e  
o f  p r o m o t i o n  e n e r g y  a n d  b i n d i n g  e n e r g y .
P i g  A 3 ( a )  s h o w s  t h e  v a r i a t i o n  o f  w o r k  f u n c t i o n  w i t h  t h e  
p r i n c i p a l  q u a n t u m  n u m b e r  N o f  t h e  *d* t y p e  c o n f i g u r a t i o n  
( P o r  p Vs d n  s e e  V I , 3 . 1 . )
A d e c r e a s e  o f  w o r k  f u n c t i o n  w i t h  d e c r e a s e  i n  N i s  
c o n s i s t e n t  w i t h  a  d e c r e a s e  i n  e n e r g y  v a l u e s  a s  N d e c r e a s e s  
( S e c t i o n  I I . 5 . 3 . )  T h e  a b n o r m a l l y  l o w e r  v a l u e s  f o r  Nb a n d  
Ag may  b e  r e l a t e d  t o  t h e  p r e s e n c e  o f  a n  u n f i l l e d  " f "  s h e l l  
a n d  o n e  s  e l e c t r o n ,  w h i c h  m ake  t h e  e l e c t r o n s  m o r e  l o o s e l y  
b o u n d  a n d  h e n c e  i n c r e a s e s  t h e  p o p u l a t i o n  o f  u n l o c a l i s e d  
e l e c t r o n s .  H f  i s  a n  e x c e p t i o n .
T h e  v a r i a t i o n  o f  w o r k  f u n c t i o n  o f  Ndn  t y p e  e l e m e n t  
w i t h  P r o m o t i o n  e n e r g i e s  a r e  s h o w n  i n  P i g  A3 ( b ) . I t  c a n  b e  
s e e n  t h a t  t h e  w o r k  f u n c t i o n  i n c r e a s e s  w i t h  t h e  i n c r e a s e  o f
1 0p r o m o t i o n  e n e r g y .  T h e  p l o t  o f  l e s s  s t a b l e  c o n f i g u r a t i o n  Nd
( S e c t i o n  1 1 , 5 . 3 . )  i s  s h o w n  s e p a r a t e l y .  T h e  l o w e r  v a l u e s  o f
w o r k  f u n c t i o n  f o r  h i g h  p r o m o t i o n  e n e r g i e s  may  b e  d u e  t o  t h e
l a r g e r  p o p u l a t i o n  o f  u n l o c a l i s e d  e l e c t r o n s  i n  t h e  p e r t u r b e d  
1 0s t a t e  o f  d  c o n f i g u r a t i o n .  T h e  v a l u e s  f o r  R h o d i u m  s e e m  t o
b e  a n o m o l o u s ,
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W o rk  f u n c t i o n  c h a n g e s  a n d  e l e c t r o n i c  c o n f i g u r a t i o n  o f  . 
a d s o r b a t e s  a n d  s u b s t r a t e s
a )  Due  t o  a d s o r b a t e s
F i g  AU i l l u s t r a t e s  t h e  w o r k  f u n c t i o n  c h a n g e s  (* :> 0 . :
w i t h  e l e c t r o n i c  c o n f i g u r a t i o n s  o f  v a r i o u s  t y p e  o f  a d s o r b a t e s
o n  a  common s u b s t r a t e  o f  W0 I t  c a n  b e  s e e n  t h a t  t h e  d e c r e a s e
i n  0 i s  r e l a t e d  w i t h  t h e  n u m b e r  o f  e l e c t r o n s  i n  t h e
o u t e r m o s t  s h e l l  o f  t h e  a d s o r b a t e  a t o m  ( S e e  S e c t i o n  V l . 3 „ 1 ) 0
F o r  a  g i v e n  "N"  t h e  c h a n g e  i n  0 i s  p r o p o r t i o n a l  t o  s n 0
1
I n  t h e  c a s e  o f  s  e l e c t r o n s ,  t h e  t e n d e n c y  i s  s u c h  a s  t o  f o r m  
2
t h e i r  own s  s t a b l e  c o n f i g u r a t i o n ,  c o n s e q u e n t l y  t h e s e  s t a t e s  
a r e  l e s s  p e r t u r b a b l e ,  a n d  h e n c e  y i e l d  s m a l l e r  />. 0 
T h i s  i s  t h e  c a s e  f o r  a l l  Ns a d s o r b a t e s  ( i * e ®  C s , K , N a * )
I n  l a r g e r  m a g n i t u d e  o f  0- 0 o b t a i n e d  f o r  h i g h e r  v a l u e s  
o f  "N" o f  s  t y p e  e l e m e n t  i s  d u e  t o  t h e  s m a l l e r  e n e r g y  
a s s o c i a t e d  w i t h  h i g h e r  ,fN" v a l u e s *
F i g * A 5 ( a , b , )  s h o w s  t h e  v a r i a t i o n  o f  0 w i t h  P r o m o t i o n  e n e r g i e s  
a n d  B i n d i n g  e n e r g i e s  r e s p e c t i v e l y  o f  t h e  a d s o r b a t e s  s h o w n  i n  
E i g  AU« • ( T h o r i u m  a n d  U r a n i u m  a r e  n o t  i n c l u d e d  a s  t h e i r  
P r o m o t i o n  e n e r g y  o r  B i n d i n g  e n e r g y  w e r e  n o t  a v a i l a b l e ) * .  I t  
c a n  b e  s e e n  t h a t  t h e  l o w e r  v a l u e s  o f  t h e  P r o m o t i o n  e n e r g y  
( a s s o c i a t e d  w i t h  l e s s  s t a b l e  e l e c t r o n  c o n f i g u r a t i o n  o f  Ba a n d  
L a  t h r o u g h  u n f i l l e d  f °  s h e l l s )  g i v e  l a r g e  w o r k  f u n c t i o n  
c h a n g e s  *
( b ) Due  t o  s u b s t r a t e s
F i g u r e s  A 6 ( a  , b , )  a r e  t h e  p l o t s  o f  A  0 o f  a  l i m i t e d  n u m b e r
o f  a d s o r b a t e s  a g a i n s t  t h e  Ndn  o f  d i f f e r e n t  s u b s t r a t e s  * H e r e  
n
Nd r e f l e c t s  t h e  p e r t u r b i n g  p o w e r  o f  t h e  s u b s t r a t e  t o  a t t r a c t  
t h e  e l e c t r o n s  f r o m  t h e  g i v e n  a d s o r b a t e  a t o m *  I t  i n c r e a s e s  
w i t h  N a n d  11 f o r  " d "  t y p e  e l e m e n t s *
The order of the substrate's electron configuration in
va
rio
us
 
a
d
so
rb
a
te
s.
 
(W 
is 
co
m
m
on
 
su
b
st
ra
te
)
-132-
n
oo
Ci
1“CQO Q
&
inCM
(D
O CD
L
CDin — cCM a
u (D
C
cr*
CMO
O
fO
t
0
o
E
ou
c
o
-i-1
u
c
=j
M—
i_
o
CO
0CO
SZ
o
SZ
U
in
<
c n
Ll
(b
) 
Bi
nd
in
g 
en
er
gy
 
of
 
va
rio
us
 
ad
so
rb
at
es
. 
(W
-c
om
m
on
 
su
b
st
ra
te
)
-  1 3 3  -
P i g s  A 6 ( a Pb )  w a s  c h o s e n  a s  f o l l o w s
( i )  The  e n e r g y  o f  5 d ^  i s  t a k e n  t o  b e  5 d ^  b e c a u s e  
o f  h i g h e r  v a l u e s  o f  ,rn n ,
( I I )  T h e  e n e r g y  o f  5 d ^  i s  t a k e n  t o  b e  >
b e c a u s e  o f  e l e m e n t s  w i t h  a n  u n f i l l e d  f  s h e l l  h a v e  a  h i g h e r
t e n d e n c y  t o  m ake  t h e i r  own  s t a b l e  c o n f i g u r a t i o n ;  M u t u a l  
p e r t u r b a t i o n  o f  a d s o r b a t e - s u b s t r a t e  may i n c r e a s e  t h e
c o l l e c t i v i z e d  e l e c t r o n s  f o r  g r e a t e r  w o r k  f u n c t i o n  c h a n g e s *
/ \ L 3 5 5( i i i )  B o t h  5 d  a n d  5 d  a r e  l e s s  t h a n  4 d  s i n c e  t h e  d
i s  t h e  m o s t  s t a b l e  c o n f i g u r a t i o n  w i t h  a  h i g h  s t a t i s t i c a l  
( 6 3  )
w e i g h t  ' ° ( A l s o  t h e  p r o b a b i l i t y  o f  a t t r a c t i n g
o t h e r  e l e c t r o n s  t o  i n c r e a s e  i t s  s t a t i s t i c a l  w e i g h t  i s  l o w ) .
( i v )  The  s a m e  a r g u m e n t  c a n  b e  u s e d  f o r  t h e  r e l a t i v e
2 2 
e n e r g i e s  o f  - 4 d  >. 5 d  .
I n  P i g A 6 ( b ) R e  i s  p l a c e d  i n  t h e  l a s t  s i n c e  i t  h a s  t h e  
5
m o s t  s t a b l e  d  c o n f i g u r a t i o n  ( S e c t i o n  I I . 5 . 3 .  ) w h i c h  d o e s  n o t  
h a v e  f u r t h e r  t e n d e n c y  t o  i n c r * e a s e  t h e  p o p u l a t i o n  o f  t h e s e  
c o n f i g u r a t i o n s  b y  a t t r a c t i n g  e l e c t r o n s  f r o m  t h e  a d s o r b a t e s .
JT
On t h e  o t h e r  h a n d  Mo ( d  ) i s  r e l a t i v e l y  s t r o n g  p e r t u r b e r  o w i n g  
t o  i t s  u n f i l l e d  f  s h e l l  a n d  o n e  s  e l e c t r o n ®  The  o t h e r  
c o n f i g u r a t i o n s  f o l l o w  a  n o r m a l  c o u r s e *
I t  c a n  b e  s e e n  f r o m  P i g .  A 6 ( a )  t h a t  &<f> i s  h i g h  f o r
s u b s t r a t e s  o f  h i g h  p e r t u r b i n g  p o w e r .  T h e r e f o r e  t h e  d i f f e r e n t
m a g n i t u d e s  o f  A 0  f o r  d i f f e r e n t  a d s o r b a t e s  s e e m  t o  b e  r e l a t e d
w i t h  t h e  n u m b e r  o f  e l e c t r o n s  i n  t h e  o u t e r  s h e l l  o f  t h e
a d s o r b a t e  w h i c h  d e t e r m i n e s  t h e  p o p u l a t i o n  a n d  e n e r g y  o f  t h e
2 1
n o n l o c a l i s e d  e l e c t r o n s .  B o r i d e s  (2 5  p  ) y i e l d  m o r e  A 0  o w i n g
1 0 0
t o  t h e  l e s s  e n e r g e t i c  p  e l e c t r o n s  a s  c o m p a r e d  t o  25  p  o f
2 3
c a r b o n  a n d  2 5  p  o f  N i t r o g e n .
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F i g  A 6 ( b )  ( w i t h  m e t a l  a d s o r b a t e s )  h a s  t h e  s i m i l a r  t r e n d  o f  
A 0  c h a n g e s  w i t h  v a r i o u s  b a s e  m e t a l  a s  i n  F i g  a 6 ( a  
S m a l l  d i f f e r e n c e s  may b e  r e l a t e d  t o  t h e  i n a c c u r a t e  v a l u e s  o f  
A 0  r e p o r t e d  i n  t h e  l i t e r a t u r e *
F i g  A7 s h o w s  t h e  v a r i a t i o n  i n  w o r k  f u n c t i o n  c h a n g e s  w i t h  
t h e  e n e r g i e s  a s s o c i a t e d  t o  t h e  o u t e r  s h e l l  o f  a t o m s *
T h e  d i f f e r e n c e  o f  e n e r g i e s  ( i 8e* B i n d i n g  e n e r g y  o f  
s u b s t r a t e  a t o m  -  e n e r g y  o f  a t o m i c  l e v e l  o f  a d s o r b a t e s )  i s  
u s e d  a s  t h e  p a r a m e t e r  ( o n l y  t h o s e  s u b s t r a t e  a r e  s h o w n  
w h o s e  e n e r g i e s  h a v e  b e e n  a v a i l a b l e ) *  I t  c a n  b e  s e e n  t h a t  
t h e  v a r i a t i o n  i n  w o r k  f u n c t i o n  c h a n g e s  d e c r e a s e s  w i t h  t h e  
d e c r e a s e  o f  e n e r g y  d i f f e r e n c e *  A g e n e r a l  c u r v e  
( d a s h e d  c u r v e )  i s  d r a w n  t o  s h o w  t h e  g e n e r a l  t r e n d  o f  
w o r k  f u n c t i o n  c h a n g e s  w i t h  t h e  d i f f e r e n c e  o f  e n e r g i e s  
a s s o c i a t e d  t o  t h e  e l e c t r o n i c  c o n f i g u r a t i o n  o f  t h e  s y s t e m *
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